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EXECUTIVE SUMMA’RY :
This report is'a Sanitary Survey of the Raritan and Sandy Hook Bays A Sanitary Survey
‘is completed ‘every 12 years for each designated growing area, when there have been
significant changes in the area, or if an'upgrade in classification is proposed. The report
. addresses a request from the shellfish industry to review the water quality- of the
Prohibited waters at the eastern and western portions of the area. A classification upgrade
" (Prohibited to Special Restricted) would allow the shellfish resources to be utilized under

the specral permit program for depuratlon and relay

: Sampllng results. (1997 2000) indicate that the total colrform bacterral water quallty of
the shellfish growing waters of the Raritan and Sandy Hook Bays has improved slightly
since the last Sanitary Survey report that covered sampling results from 1994-1996. This
improvement is part of a continuing trend in water quality improvement in this -area.
There appears to be-an overall lmprovement in bacterial water qualrty in the Sandy Hook
Bay. :

- This report includes. an evaluation of tissue samples analyzed for a suite of toxicants,
including heavy metals and organic compounds. An evaluation of the potential impacts
from the Middlesex County. Utilities Authority discharge, located in the western section

- of Raritan Bay, is also included. Based on these data, an upgrade was implemented for a
triangular area to the west of Sandy Hook (known as Flynn’s Knoll) as well as a smaller -

area to the west of Conaskonk Point. The total area upgraded (from Prohlblted to. Speczal

Restrt‘cted) is approxrmately 5714 acres. '

-

INTRODUCTION -
PURPOSE S o
. This report is part of a series of studies - The second purpose is to provide input |
~ having a dual purpose. The, first and ~ to the State Water Quality Inventory
“primary purpose is.to comply with-the .- . Report, “"which 'is prepared pursuant to -
guidelines. of the National Shellfish = Section 305(b) of the Federal Clean
Sanitafion Program (NSSP)  that -are - Water Act (P.L. 95-217). - The
" established by the Interstate Shélifish ~ information contained in the growing
- Sanitation Conference (ISSC) Reports ~area reports is used for the New Jersey
generated under this program' form the _ State Water Quallty Inventory Report
basis for classrfyrng shellfish waters for . (305b), which provides an.assessment to
the __purpose,of harvesting shellfish for © Congress every two years of current
human consumption. As such, they = water quality conditions in the State's
-provrde a - critical link |n protecting major rivers, lakes, estuaries, and ocean

'

human health _ : _— _waters.' The reports provide valuable

{ ,



information for the 305(b) report, which
describes the waters that are attaining
state designated water uses and national
clean water goals; ~ the - pollution
‘problems identified in surface waters;

and -the actual or potential sources -of |
- pollution. Similarly, the reports utilize

" relevant information contained in the

- .305(b) report, since the latter -
assessments are based on instream

monitoring data (temperature,” oxygen,
pH; total and fecal -coliform bacteria,
nutrients, solids, ammonia and metals),
. land-use  profiles, drainage  basin

characteristics and other pollution source.

information..

From the perspective of the Shellfish
Classification Program, the reciprocal
use ofi water ‘quality information from

reports represent two sides ofithe same .

coin: the growing area report focuses on

the estuary itself, while the 305(b) report -

describes the watershed that drains -to
- that estuary. ‘

The Department participates in- a

cooperative  National ~ Environmental
Performance . Partnership. =~ System
(NEPPS) with the USEPA, which
emphasizes ongoing evaluation of ‘the

HISTORY .

'As a brief history, the NSSP d.eve-loped '

from public health principles and

- program controls. formulated at the *

original  conference on  Shellfish
_ sanitation called by the Surgeon General
~ofi the ‘United States Public. Health
Service in 1925. This conference ‘was-
called after oysters were implicated in
- causing-over 1500 cases ofityphoid fever
and. 150 deaths in 1924." The tripartite

~ cooperative progiam (federal, state and .
shellfish industry) has updated the

~ formed the ISSC.
- meeting was held in 1983. and- the

effectiveness - of - environmental
management  strategies," . including
assessing ‘impacts on waterbodies and
measuring. improvements in various
indicators of:environmental health. One
of: the indicators used to assess the

~ environmental health oficoastal waters is .

the _area ofi “waters classified. as

“harvestable  (4pproved,  Seasonally
.~ Approved, or Special Restricted).

The shellfish “-growing area reports

provide a brief assessmént of the
growing area, with particular emphasis
on those factors that affect the quantity

- and quality of the shellfish resource. As

the  Department '~ implements a

. comprehensive ‘watershed management -

program-in conjunction with the NEPPS
initiative, the - shellfish growing ™ area
reports provide valuable information on

" the overall quality ofithe saline waters in

the most downstream sections of: each

" major watershed. In addition, the reports

assess the quality’ of the biological
resource and provide a reliable. indicator
ofipotential areas oficoncern and/or areas
where additibnal information is needed -
to accurately assess watershed dynamics. -

“program’ procedures  and guideline’s
" through™ workshops held periodically

until .1977. Because oficoncern by many-
states that the NSSP guidelinés were not
being enforced uniformly, a delegation .
ofistate shellfish officials from 22 states
met in 1982 in Annapolis, Maryland, and
The first annual

organization continues to meet -annually
at “various - locations throughout the

) United States.



" The' NSSP Guide _for the Control of B
" Molluscan  Shellfish sets forth the

principles and requnrements for the’
sanitary control of shellfish produced

. and shipped in interstate commerce in’
: A}
the United States. It .provides the basis

used by the Federal Food and Drug
Administration (FDA) in evaluating state
shellfish sanitation prograrhs. The five

major - points. on which each state is

evaluated by the FDA include:

1. The classification of all actual and
potential shellfish growing "areas
as to their suitability for shellfish .

“harvesting.

_ FUNCTIONAL AUTHORITY

The éuthority to - carry out these .

functions is divided - between the
Department of Environmental Protection
(DEP), the Department of Health and
Senior Services and the Department’ of
Law and Public Safety. The Bureau of

Marine Water Monitoring (BMWM)

under the authority of ‘N.J.S.A. 58:24

classifies the shellfish growing waters .
and - administers . the special resource

recovery  programs. _Regulations
delineating. the growing “areas are
promulgated at N.J.A.C. 7:12 and are
revised annually. Special Permit rules
are also found -at N.J.A.C. 7:12 and are
revised as necessary.

The -Bureau of Shellfisheries in the |

Division of Fish and Wildlife ‘issues
-_'har\_/esting_ licenses and leases ‘for

A

2. The control ofthe harvesting of
“shellfish * from areas that are
classified as restricted, prohlblted '
or otherwise closed.

3. The regulation and supervision of
shellfish ~ resource - recovery:
programs. :

4. The ability to restrict the harvest
of shellfish from areas in a publlc
~ health emergency, and

5. Prevent the sale, ~shipment or
possession of shellfish that cannot
be identified as being produced in

- accordance with the NSSP and
“have the ability to condemn, seize
* or embargo such shellfish.

shellfish grounds under the Authorlty of

"N.J.S.A. 50:2 and NJ.A.C. - 7:25. This

bureau administers’the Hard Clam Relay

- Program in  conjunction- with the -

BMWM. -

The Bureau of Law Enforcement in the

 DEP (Division of Fish and Wildlife) and

the Division” of State Police in the
Department of -Law "and -Public Safety

-enforce the provisions of the statutes and .
rules mentioned above. -

The Department of Health and Senior -

Services is ' responsible = for the
certification of - wholesale shellfish
establishments, and in conjunction with

‘the BMWM, admmlsters the depuratlon '
. program. = :

s
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Figure 1: State of New Jersey Shellfish Agencies |

'IMPORTANCE OF SANITARY CONTROL OF SHELLFISH

Emphasis is placed. on .the sanitary
control of shellfish because of the direct .
relationship  between .pollution of -
shellfish  growing areas and the -
transmission of diseases to humans.
Shellfish borne infectious diseases are
generally transmitted via a fecal-oral
route. The pathway is complex and
quite circuitous. ©  The cycle usually
begins with-fecal contamination ofi the

shellfish’ growing ‘waters.  Sources of -
such contamination aré many and varied.
Contamination reaches the waterways
via runoff and direct discharges. '

Clams, oysters and mussels pump large
quantities of water through their bodies
during the normal  feeding = process.
During - this process the -shellfish also

~ concentrate microorganisms, which may

.
~
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include pathogemc microbes, and tox1c-'

heavy metals and synthetic’ _organic
contaminants. It is imperative that a
system is in place to reduce the human
‘health risk of consuming shellﬁsh from
areas of contammatlon

Accurate classiﬁcations' of shellfish
growing areas are completed through a

comprehensive sanitary survey.  Thé .
principal components of the sanitary - -

survey report mclude

?7 An evaluatlon of all actual and

potential sources of pollution,

92 An " evaluation - of the

hydrography of the area and

?  An assessment of w_a’ter quality.

.. Complete intensive  sanitary surveys are -
. conducted every 12 years with interim

narrative, evaluations " completed on a
three year basis. If major changes to the

.shoreline or bacterial ‘quality occur, then

the intensive report is initiated prior to

- its 12 year schedule.

The following narrative constitutes this -
bureau's assessment of the components
listed .above and determines the current -

, classification of the shellﬁsh growmg
' waters
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" THE NORTHERN QUAHAUG
o Mercenaria mercenaria
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FIGURE 2: CROSS-SECTION OF MERCENARIA MERCENARIA |



‘DESCRIPTION

LOCATION

Thls growing area encompasses “the
shellfish waters of Sandy Hook Bay and
Raritan Bay.  The -area, located’
~northern  Monmouth ~ County; New
Jersey, extends- from the Highlands
Bridge - northward to Sandy Hook. and

~ westward to the Raritan® River. The
distance from the Highlands Bridge to

the mouth of the Raritan River is
approximately. 17. miles. To ‘the north
the area terminates along the New York
State Boundary Line. The shellfish
resources are- harvested from an area
covering approximately 7438 acres (11.6

square miles) of ~ Special Restrtcted
- shellﬁsh waters.

.

Raritan / Sandy Hook Bays: Location

. ‘The Rarilan and Sandy Hook Bays are tocated -
Ainthe nonheamom comer of Monmoum Coumy. NJ.

& Statlons sampled |

| NJDEP Bureauof Marine Water Monioring |

;

FIGURE 3: 'LOCATION OF RARITAN/ SANDY HOOK BAYS



' ‘Raritan B'éy (22,400. acres) is located

adjacent to the nation’s. most-

~ concentrated urban population.  Sandy

Hook Bay (7,680 acres) is located to the
east, is contiguous with, and empties
into, Raritan Bay. The area is also shown

on  Shellfish Growing =~ Water

DESCRIPTION

: Sandy Hook Bay is triangulér in shape,

and exténds from the shore at Leonardo,
approximately two miles into the bay.

On the southwest side of the triangle is -
the Earle Naval Weapons. pier. Sandy

Hook borders the eastern side of the bay.

" This narrow peninsula or spit separates
~ the bay from the Atlantic Ocean." At the
outer tip of Sandy Hook are Fort

" Hancock™ and the United States Coast

Guard installation. The remainder of the
peninsula is part of the Gateway
National . Recreation Area. . The
communities of Highlands, Atlantic

-public.:

Classification Chart 1. The Shellfish
Growing Water-Classification Charts are
published annually by the Department of
Environmental Protection to provide

readily accessible information to the
: ‘ : N

Highfands, and Leonardo border 'the
southern shoreline of Sandy Hook Bay.

The waters of Raritan and Sandy Hook

* Bays are classified as Special Restricted

or Prohibited for the harvest of shellfish.
Clams may be harvested for human
consumption from Special Restricted
waters under the Special Permits
program. These clams undergo further

_purification prior to market. Harvest of

shellfish for human consumption is not

permitted in Prohibited waters.
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" Prohibited. .

HISTORY

This area is heavily used_dur_rng the

summer months © for- recreational
-purposes. There are numerous marinas
- (see  section  discussing  marina
activities).
extensively for shellfishing . for -many
years. There was a period in the early
1970's when the area’ was classified as
. However, ‘as~ upgraded
regional domestic treatmerit facilities
were  constructed,  water . quality

The area has been used-

gradually improved.. Most ofithe area is

currently classified as Speclal Restricted.

M

" “This

© (directly west ofi Sandy Hook).

{

report recommends
acreage 'in the area ofi Flynn’s Knoll
" This
area is currently classified.as Prohibited,
the upgrade would classify the area as
Special Restricted. In addition, .
feasible that a portion ofi Sandy Hook -

Seasonally Approved.

The last Sanitary Survey ofithis area was

completed in 1999.

METHODS

Water samplmg was
accordance with the Field Procedures
Manual (NJDEP 1992)

: Approxrmately 632 water samples were
collected for total and - fecal coliform
bacteria between May
October I, 2000 and analyzed by the
‘three-tube MPN method according to
. APHA (1970). Figure . 5 shows the
Shellfish  Growing  Water’
monitoring stations in Raritan and Sandy

performed in’

T Hook Bays Approxrmately 51 statlons |

" accordance with the NSSP Guide for the -

I, 1997 and . . Control of Mo(lusean',Shelly’”{sh, ’1997,':

Quality -

10

_ applications.
display ofi.data was performed with an
- ArcView?

are monitored each year.

Water quality 'sampling, shoreline and
watershed surveys were conducted in

Data management - and analysis was
accomplished = using  Visual - Basic
Geographic. analysis and

Geographic
System (GIS). '

3

~ Information

upgrading

it is .-

- Bay may eventually be upgraded to"

~
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Raritan / Sandy Hook Bays: Sampling Stations

B

Approyed = .
Seasonal (Noy-Apr}
Seasonal (Jan-Apr)

Prohibited
Data Period; $/1/1997 Jsmmuo ¥ earround
NJDEP Bureau of Maririe Water Monitoring

’



_BACTERIOLOGICAL INVESTIGATION AND DATA ANALYSIS

The ‘water qualrty ofi each growmg area -

must be evaluated before an area can be
classified - as  Approved, Seasonally
Approved,  Special _
Seasonal Special Restricted. Criteria for

r

_SAMPLING STRA TEGY

The State Shellﬁsh Control Authorrty'

has the option ofi choosing one ofi two

Restricted, - or.

‘water monitoring sampling strategies for

~each growing area.
The * Adverse - Pollution . Condition
Strategy requires that a minimum ofi

five samples be ‘collected each year -

under conditions that have historically

resulted in elévated coliform levels ‘in

the particular growing area. The results
must be evaluated . by adding
individual station sample results to the
preexisting - bacteriological sampling
results to constitute a data set of at least
15 samples for each station. The adverse
pollution conditions usually are related

to tide, and ramfall but could be from a-

~ NSSP CRITERIA -

Each shellfish prod'ucing state is directed
coliform - -

to adopt either the total.
. criterion, or the fecal coliform criterion.
While New Jersey bases its growing
“water classifications on  the total
- coliform . criterion,~ it © does make
“corresponding fecal
determinations .for = each .
station.
adjunct information and are not directly
used for classification.

sampling

- The criteria were developed to ensure
that shellfish. harvested . from

the -

coliform -

These data are viewed as.

the .

12

- 30 for statistical analysis.

_relative variability ofi the data set.
 the

bacterral acceptabrlrty of shellﬁsh'

‘growing - waters are provided in the
NSSP  Guide
- Molluscan Shellfish; 1997.

_the  Control of

for

~ point source ofi pollution or variation
ccould occur during a specific time ofithe

year.

The ‘S}'/stematic' Random ~ Sampling

Strategy - requires' that a random
samplmg plan be in place before field
sampling begins. This strategy can only
be used in areas that are not affected by
point sources ofi contammatlon A

" minimum of six samples per- station are

to be collected each year and added to
the database to obtain-a sample size ofi

P

The. Raritan and Sandy Hook Bays are -

sampled under the Adverse Pollutron
Condition of ramfall

designated waters would be free of

. pathogenic (disease-producing) bacteria.

Each classification criterion is composed .
of a measure ofi the statistical ‘central
tendency’. (geometric mean) and the .

Adverse  Pollution  Condition
sampling  strategy, varrabrlrty s
expressed as'the percentage that exceeds’
the varrabrlrty criteria.’ For the
Systematic Random -Sampling Strategy,

“variability " is expressed as ‘the 90t :
* . percentile. :

For -



‘Areas to be - Approved under the
Seasonal classification must be sampled-

~ and meet the criterion during the time of

'_’I

the. year that it is approved. for the‘
harvest of shellﬁsh

TABLE 1 .CRITERIA FOR ADVERSE POLLUTION CONDlTlON SAMPLING STRATEGY

Total Col or

2 Fecal 'C‘o'lifcrm Crlterla

eometrlc

',eometrlc mean f ( No more than
(MPN/100 mL) ?ji" 1 % cali exceed'
L (MPN/IOO mL)

A’”p"proi‘/ed Water
. Classificatioi

49

'\Spe_c"iall Restrjcted»»
.. Water
Classification ..

TABLE 2: CRITERIA FOR SYSTEMATIC RANDOM SAMPLING STRATEGY

“Total Coliform Criteria =~ | =

" Fecal Coliform.Criteria

- Geometric niean.‘,
* (MPN/100 mL)

' Makimunj’.‘)of"

1 ‘Geometric mean |.-. Maximum 90"
(MPN/100 mL) | percentile
wlewit 7| (MPN/AOO mLy

Approved Waten
CIassnﬁcatlon

49

Speclal Restrlcted

2 Clé‘snsnﬁckat_lon: >,

MARINE BIOTOXINS

The Department collécts  samples at
regular intervals throughout the summer
to determine the occurrence of
phytoplankton that can produce marine
biotoxins such as saxitoxin (the

. causative agent of paralytic shellfish -

N requ1rements

poisoning). These_data  are evaluated
weekly by the Bureau-of Marine Water
Monitoring in accordance with the NSSP
An annual report is
compiled and is available electromcally ’

- at: www.siate. nj. us/dep/vmm/bm.



S SHORELINE SUR VEY
CHANGES SINCE LAST SURVEY

There were no significant changes in the
shoreline in -this area since the last

" sanitary survey ‘ A
\ -~ .

"EVALUA'TION OF BIOLOGICAL RESOURCES

Raritan and Sandy ‘Hook Bays. contain
abundant shellfish resources. In 1997 an
estimated 32 million clams were taken
from Raritan and Sandy Hook. Bays
under the - Special Permit Program
(combined relay and depuration) worth
in excess of 11 million dollars' (Joseph,
2001). Table 3 lists the combined relay

\

" Hook Bays.

and depuration harvest; effort, and catch- -

per- effort data for Raritan .and Sandy
Designated - harvest areas
for the relay and depuration of hard and
soft clams in the Special - Restricted
waters of Raritan and Sandy Hook Bays
are shown below

raust
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HARD CLAM DENSITY
NONE
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@
@D

" HioH

74%15’ L 10'

os' ) . 74%00'

A FIGURE 7:

14

HARD CLAM RESOURCES IN RARITAN / SANDY HOOK BAY -
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SPECIAL PERMITS PROGRAM

~ Clams harvested from waters (classified
-as Special Restricted” must be treated
prior to sale for human consumption.
Treatment may ‘be through

the
depuration program, where clams are -
" held-in tanks in clean water for a period
of time, or the relay program, where .

clams are placed in clean water in
Bamegat Bay for a period of timé. This -

process provides sufficient time for the
clams to excrete any bacteria that may
have adhered - to the tissue prior to
‘harvest.  The James T. White' clam

depuration plant is located in Highlands. '
Another depuration plant, Clean Water
is located to the south of the 4

Clams,
-nghlands Bridge.

The implementation of shellfish resource
recovery programs is a cooperative
effort of State agencies involved with
shellfish in New Jersey. The programs

include the issuance of special permits to

16

Recovery - Steering - Committee.
- committee is made up of representatives

administering

utllrze blvalve mollusks harvested from
Special Restricted waters. The permits
contain special conditions relating to the
collection, bacterial purging, and

. subsequent marketing of shellfish taken

under the purview of the program and
deemed necessary to protect public

health. -

Requests by the shellfish industry to
utilize the extensive shellfish resources
from the ‘bay waters of Northern
Monmouth =~ County  prompted the .
establishment of a- Shellfish - Resource
The-

from the Department of Environmental

. Protection and the ‘Department of Health
who have the -

and " Senior Services, :
regulatory responsibilities © ~ for
the shellfish resource -
programs. - '



Harvest Area

Acreage of Harviostin’g A’re'aS'(R:a"riﬁM Sandy Hook Bays)

Acres . HarvestArea Acrés

1A 285 10E 315
tB 232 16F 754
1C 79 11A 404
. 2A t8s 11B. 1497,
2B 229 11C 3370
2C 115 110 937 .
10A 732 . 11E 801
10B 1814 12A 3984 .
40C 3571 1228 2799
10D 1128
N————

.

FIGURE 10: DESIGNATED HARVESTING AREAS IN RARITAN/ SA

Harvest Areas

——
\ ‘NJDEP:Bureay of Marlne Water Monitoring

NDY HOOK BAys



TABLE 3: COMBINED RELAY AND DEPURATiON HARVEST, EFFORT, AND CATCH PER EFFORT

(# of clams)

“EFFORT"
.»(Man days ,

* CATCH/EFFORT

(Clams/man/day)

133,527,929

14,496

2,313

37,206,616

14,061

2,646

39,284,830

15,580

2,522

31,865,597

11,636

2,738

30,818,784

11,794

2,613

1995 | 22,405,868

9,871

- 2,270

4,589,602

2,127

FIGURE 11: RELAY AND DEPURATION HARVEST (1994-2000)

Raritan / Sandy Hook Bays
Relay and Depuration Ha;vest )

~

2,158

;5,000,000
40,000,000
35.000.00(‘) 1
BO.QOQ,DOO E

25,000,000

20,000,000
15,000,000
10,000,000

5,000,000

1995 1996 1997
. ~

_ Catch / Unit Effort

1998

’ So_urce} New lersey Division.of Fish Game and Wildlife, Bureau quhellﬂshéries, Nacote Creek Field Station. ’

LAND USE

"The shoreline is well developed with
rcsidential, business, and industrial
areas. There are a few forested areas

“ remaining and some inland areas still

18

N

devoted to agriculture. The Borough of
nghlands has- the hlghest coastal pomt
on the East Coast (from Mame to’
Florida) wnth an elevation in excess ofi

N



260 feet above sea level Most ofi Sandy )
§

Hook remains undeveloped as a National

Park with an active Coast Guard base at

the northern end. o

|

There are 5 municipalities in Middlesex

~County and 9 ‘municipalities in
Monmouth County that adJom the
Raritan / Sandy- Hook Bay area. The

area is relatively densely populated.
{ ' ’ |

Most of this area is highly urbanlzed
mﬂectlng the proxlitnity to the New York
-tnetropolitan area.

Wetlands adjoin'many of the tidal.streams
fitat provide limited fresh water input to
the Bay. There are scattered forested

areas, predominantly parkiand.

Land Uss ‘ R N
777 Uiban
Agriciatumal

Exp
r3
®

~

v
FiGURE 12: LAND USE PATTERNS



TFABLE 4 : MUNICIPAL STATISTICS (1990 CP;NSUS)

Woodbridge

Perth Amboy

p=

Sayl:eviile

South Amboy

Old Bridge

U_'nion' Beach

Keansburg

Aberdeen Twp -

Hazlet -

Keyport

Middletown

"Atlantic Highlands .

Highlands'

Sea Bright

AT

20




‘

There are 9 municipalities that immediately
" border the Raritan and Sandy Hook Bays. -

Several other mzm'i'cipalities have the
potential to impact the area indirectly
through runoff and stream inputs. =
. s i .
o S - [ Municipal Boundaries
' L - . 0 1 U2 Miles
: ° . . | 'NJDEP Bureau of Marine Water Monﬁorlﬁg
. L . “« ‘ o - - . . Vi
FI¢URE 13: MUNIQIPAL_!TIES ApJplNlNé RARITAN/ SANDY: Hodl{v BlAYS
, -
21
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5The‘

~ However,

" PERMITTED POINT SOURCES

‘Raritan Bay- estuary
‘municipal and industrial wastes both
~ directly and through the trlbutary waters
of thxs area.

The Special Restrzcted shellﬁsh waters

do not receive any permitted dlscharges
from  wastewater treatment plants.
Middlesex . County = Utilities
‘Authority has a permitted 160 MGD

- receives .

outfall located in the Prohibited waters -

ofi Raritan’ Bay approximately 3 miles
‘west ofi the "Special Restricted waters.
The peak flow rates from this outfall can
exceed 150 MGD.

The potential

pathogenic impact. of: the discharge was -

~ evaluated in 1997 (Sobsey, 1997). -

A'supp_lemental outfall is located on thé
“northem bank ofi the Raritan River

adjacent to the treatment facxhty The -

_ outfall exceeds 150 MGD.
- since the permitted flow for the facility

' The

_IDENTIFICATION AND EVALUATION OF SOURCES -

outfall is used when the flow is greater
‘than 145 MGD. Peak flow from -this -
In addition,

is 160 MGD and the excessive flows
frequently ‘occur during wet weather,
these flows may result in inadequate
treatment. -~

Monmouth County Bayshore Outfall’,
‘Authority (MCBOA) . operates an-
interceptor that conveys waste treated at

.'Bayshore' Regional Sewerage Authority -

-and Middletown Township Sewerage
Authority to an outfall located in the
Atlantic Ocean’ approxxmately I mile -
offshore. :
potential impacts- of  these
discharges are discussed below.

TABLE 5: DIRECT DISCHARGES TO RARITAN AND SANDY HOOK BAYS

Discharge: -

‘aste Quantlty
¢ . (MGD)

Middlesex County Utilities Authority

1 Domestic

160 (perrmtted)

Middlesex County (supplemental outfall)

Domestic. : 150 -

Bayshore Regional Sewerage Authority .

Domestié ‘Discharges to MCBOA

Middletown Sewerage Authority

Domestic Discharges to MCBOA

Gateway National Recreation Area

0.15; discharges to

Domestic _
: : ground water

International Flavors and Fragrances '

Industrial No longer discharges

Monmouth County Bayshore Outfall Authority

- 22

Dlscharges to Atlantic

Domestic -
i Ocean -




-Bayshore. | - g Sateway
dagior : Nat Rac (gw)

, . - '
'Sources of- sanltary waste Inicude: ) }
"~ Middleeex County Utllltles Authority —. |
buffer shown assumes disinfection _' p , ' .
Middlesex County supplemental outfall. C - i
MCBOA (Bayshore - emergency only)-- - | Legend : '
buffer assumes inadequate treatment ﬁ?‘ Mi’giz Ef’u::pfﬂ C
MCBOA (Middletown - emergency only) — ' o e e Ginons
buffer assumes inadequate treatment - o DI En MCROh - B
MCBOA outfall (Atlantic Ocea n) o L2 BUFFER: Middesex; County
Gateway National. Recreation Area ' n e .
grourtdwater dlscharge no buffer needed 9 1 2 '3 ‘4 Mies y
, - NJDEPBufeau of Marihe:Water Monitoring
\ s S
m - _ R .

FIGURE 14; DISCHARGES TO SURFACE WATER, SHOWING EXTENT OF OUTFALL BUFFER



‘

Middlesex County Utilities Authority

The -, “Middlesex®  County. ™ facility’

discharges from an H-shaped diffuser in
the western area ofi Raritan Bay. The
«discharge rate is variable, with " high
flows “during and after ‘precipitation
events. - The permitted flow 'is 160

MGD; flows. in excess 0fi 200 MGD
have been reported:: The Ultility ‘also .

discharges during precipitation events
from a supplemental outfall located .in

‘the Raritan River. The flow \from this

outfall may exceed 150 MGD. "

It should be noted that Middlesex
County uses chlorination to disinfect.
_ Therefore, viral contamination would be
minimally = affected by
_processes. ‘In addition, the facility
- discharges numerous heavy metals that

treatment -

" may contribute to potential exceedances

ofi the Surface Water Quality Standards.

* As a consequence, the current Prohibited

area extends beyond the boundaries of:
the buffer zone shown above, which was
calculated assuming that the facility is in
compliance with permit - limitations -for
pathogens. This report summarizes data

~ for toxicants' in shellfish tissue obtained

~

in the western end of: Raritan Bay in the
~Results section regarding toxicants.

This discharge was also evaluated to -
determine potential impacts in the event
that - chlorination facilities were to
- becomé inoperable. ~ In that case,’
coliform levels at the boundary of the

"~ current Special Restricted area would i
- .exceed water quality criteria applicable

to Special Restricted waters in 12-24
hours. -~ (depending - on  ambient

- temperaturée and. bacterial ‘die-off) after

the beginning of the malfunction. (See
Figures below.) .

In gddition, as 'Shown in the Results:
- section regarding coliform levels-in the
area immediately adjacent to the Special
_ Restricted - area (north and west of:
Conaskonk Point), it is apparent  that
.there is a source ofi coliform bacteria in

. the” western+ part ofi the Bay that

__contributes 'to ‘mean . coliform levels as
well as coliform level variability. In

_spite ofithis; the stations-sampled in the
area currently meet Special Restricted

.. criteria.
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FIGURE 15: TIME OF TRAVEL FOR WINTER D_lSCHARGE OF UNCHLORINATED EFFLUENT

The' blue line ~ indicates anticipated
coliform levels at Union Beach if both
outfalls are discharging at maximum
permitted flow for 24 hours. The green
line indicates anticipated coliform levels

-.at Union Beach if the normal outfall
in western Raritan Bay is .

located

discharging. at maxirhum permitted flow

for 24 hours. . The red line indicates

- coliform levels if the total discharge of

1

260 MG is sf)read) over .a four-day :

- beginning of the discharge.

. - i L .
period.  This scenario is unlikely.
During winter - months, when the
temperature is  low, = coliform ‘levels

exceeding 500 MPN/100 mL would be
‘anticipated within 12 hours. of the
- During the”
winter. months, clams are relatively
“inactive and this provides sufﬁciént time
to suspend harvest in the area in the-
“event of a chlorination malfunction.
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Response at ) Union Beach -

{

B
H
%
H

Dischatge -
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*Dlsctlarge Characteristics

Location:
' Total Volume:
Total Collform;

280 MG

" 10 Deg.C

" T}Rarltan Bay, ArIHur KHi Conﬂuence

1.2x 106 MPNNOOmL

‘Atnb, Water Tamp.:

line mdlcates

antncnpated '

collfqrm levels at Union Beach ifi both: '
outfalls are discharging at maximum

permitted flow for 24 hours.

The green

line indicates anticipated coliform levels

at Union Beach if the normal outfall
located in western Raritan Bay is
discharging at maximum permitted ﬂow
for 24 -hours.

coliform levels ifi the total discharge of:
260 MG is spread over a four-day

The red line indicates

26

' »FIGURE 16: TIME OF TRAVEL FOR FALL/ SPRING DISCHARGE OF UNCHLORINATED EFFLUENT :
, The blue

~ period.  This scenario is unlikely.
‘During  winter months, when the
temperature is. low, coliform levels

exceeding 400 MPN/100 mL would be
anticipated , within 24  hours of: -the
beginning "of the discharge. At a
temperature ofi 10°C, - the clams are
moderately active, but 24 hours is
sufficient time to suspend harvest in the
event of:a chlorination malfunction. .
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FIGURE 7: TIME OF TRAVEL FOR SUM MER DISCHARGE OF UNCHLORINATED EFFLUENT

coliform levels at Union Beach- ifi both
outfalls are discharging at'-maximum
- permitted flow for 24 hours. - The green
line indicates antlclpated coliform levels
at . Union Beach if the normal outfall

" located in western Raritan Bay is
‘discharging at maximum permitted flow .

for 24 hours.” The red line indicates

“The blue “line indicates antlclpated-

collform levels ifi the total dlscharge ofi

260 MG is spread over a four-day
\perlod This scenario ‘is unlikely.

- During  winter . months, when the

temperature is low, coliform levels
exceeding 500 MPN/100 mL would be

anticipated - within 24  hours - of the
begmnmg ofthe dlscharge

MOnmouth County BavShore Outfall Authority

. MCBOA (a non- prof it orgamzaf on) _
’ operates the plpelme system to transmit

.secondary  treated  effluent - from

treatment  plants. in  Union = Beach

(Bayshore Regional Sewage Authority) -

Sewage

Authority) for disposal into the Atlantic-

-~ . - -

27.

\Keansburg,
,Matawan Townshlp and Keyport

: Oceaﬁ;. The - -pipelihé serves 12' 
. v commumtles :
-+ include Atlantic Highlands, Highlands, .

municipalities. - The
Middletown, Holmdel, part oft Marlboro

and Colts Neck, Union Beach, Hazlet,
‘Matawan Borough,

)

'



The pipeline is a force main designed in
1970 to meet the sewage disposal needs
- ofi the region to_the year 2000 with a
design flow for "28 MGD. ‘It is
constructed ofi-reinforced concrete pipe
~and- steel.  Pump stations located at
~ Union Beach and Belford have large

retention basins used to attenuate peak

- flows and even out daily flow variations.

~ Numierous inspection chambers . are .
. provided for adequate maintenance.
- Emergency pumps and electrical -

generators are maintained- at each pump
_station. The pipeline is 74,000 feet long

‘and follows the former rail bed of: the -

Central Railroad ofi New Jersey,
extending from Union Beach to a point
i 4,000 feet into the Atlantlc Ocean off
- Sandy Hook.

: 'Brldge (Figure 13) A S

 Facilities at Sandy Hook

. The National Park -Service operates a
recently upgraded wastewater treatment
facility ‘on park property. The plant

It passes under Sandy
Hook Bay just north ofi the nghlands~

handles approximately 150,000 gallons -

- per day.
treatment ~ with  treated -
discharged” to infiltration = beds.

effluent
- The

The plant provides tertiary -

facility is well maintained, with no

evidence ofioverland discharges into the
Bay. There are no surface water
-discharges. ~ All buildings on

- the -

- National Park property are connected to

the sanitary sewer line.

- Facilities at the Earle Naval Station

A few remote

The naval docking facilities at the: Earle -

Naval Pier extend approximately 2 miles

into Sandy Hook Bay. There are no
discharges from the pier operation or
along the adjacent shoreline. Sanitary

wastes are pumped from holding tanks-

" on docked ships to a‘pipeline connected

;o

28

~accommodate additional tie-ins.

~ services the collection lines.

-~ holding tanks.
©discharges associated wrth waterfront

In 1973 the Middletown plant began -
pumping effluent to the line at a rate of
five MGD. . In 1974 the Union Beach

“plant began pumping to the line at a rate
- oft two MGD.

Both facilities .were
recently upgraded and expanded to
Each
rate  of:

presently pumps at the

.approximately 15-17 MGD under dry -
weather conditions. - :

Since the last réport in 1999, the pipeline

was rehabilitated and repaired. - During .

the repair period, treated effluent was

dlscharged at the treatment facilities -
located in Belford and«Umon Beach into
Raritan Bay. Since the completion. ofi -

the rehabilitation project in February

1999, there have been no failures in the

- pump stations leading to a discharge. ofi
-effluent into Raritan Bay

-

A

‘ beach areas still use portable torlets'
‘during the summer months.

Samtary wastewater generated- at the -

. Coast Guard Station on Sandy Hook is
‘handled by the National Park Service’s

treatment facility. The Park Service also
v -Coast
Guard vessels have portable toilets or
There are no wastewater

activities.

. to the Middletown Township Vfacil'ityat

Belford. Bilge water from docked ships

“is pumped to railroad tank. cars and

transported to an oil-water separator.
Processed wastewater then goes to the

' samtary line.



International Flavor and Fragrances'Facilltv

( S _ .
The International Flavor and Fragrances

plant located between Union Beach and - -
Keansburg, along the eastern side of

East Creek is no longer operated as a
manufacturing “facility:
‘NOW USEs. it as a warehouse.

BUFFERSAROUND OUTFALLS

, _The National
Program

‘ Shellﬁsh Samtatron
requires’ establishment of:

Prohibited areas adjacent to " outfalls

from  domestic- treatment
facilifies. ‘
that pathogens will not contaminate the
resource used- for human consumption.

The size ofi the Prohibited buffer zone

sewage _

The Prohibited -area ensures

The. company ~
‘The small -

must - consider “the - following
characteristics: S
9 Pollution Conditions o
2 Flow rate, ‘treatment facility
-performance, location of the

shellfish resource

? Dispersion, dilution, and time of'

travel

? - Current velocrty and net, transport :

velocity; volume ofi water; depth

- ofi réceiving water; direction ofi -

travel; stratification; location of
discharge; tidal characteristics;
receiving water geometry
Pathogen die-off rate -
Bacterlologrcal quality requrred
in adjacent waters :
use

? Adjacent “harvest
classifications |
Contaniinants
’Eﬂluent from wasteWater treatment
_facilities  contains = a . variety: of

contammants Historically, the emphasis
of: the’ shellﬂsh program has focused on

1

.29

~ discharge .
- Utilities Authority located at the western

_bacteriological contamination.

" contamination. -

{

amount of wastewater now génerated

goes directly to the sanitary sewer line
and then to- the wastewater treatment
plant.: Shellﬁsh waters at the mouth of

- East: Creek are classrﬁed as Prohzbzted'- .
waters

"2 Identifiable landmarks

These factors account for the presence of

~ contaminants in .the effluent, the water

quality that must be maintained to.

. protect human health, and the relative
dispersion available in the vrcmrty of the

outfall.

Calculated buffer zones for the permitted
from Middlesex County

end of Raritan Bay»and the overflow

points for Monmouth County Bayshore+
_Outfall Authority are shown'in.Figure 13

and discussed below. The buffer zone

“for' Middlesex County Outfall Authority

is based on the effluent plume study
completed by

discharges from-the MCBOA overflow .

_points occurred frequently prior to the
rehabilitation project completed In 1999, =
- there have been no significant discharges
reported since the completlon of the ,
. repalr prOJect :

) P

Indicator
organisms (usually coliform bacteria) are
used to assess the likelihood of pathogen .

P

the Authority as a
- condition ofithe NJPDES permit. While

“While these indicator’ v

a



The -
"discharges from an H-shaped difluser in .

organisms are not in
pathogenic, or disease-producing, they

are found .in human waste "in.- similar

numbers to organisms that can cause
disease. Disinfection processes such as
chlor|nat|on k|ll these bactena

Wastewater treatment fac|l|ty effluent
‘may also include viral particles. Viruses

‘

- Size o_f:'the Buffer Zone

treatment  processes ‘provided by the

the
vicinity of: the outfall.” If disinfection is
provided by chlorination,
adjusted to account for: -
? The reliability:
- particular facility based on 'data
“submitted by the facility, and .

~

)

M|ddlesex Countv Ut|l|t|es Author|tv

M|ddlesex County fac|l|ty
the western area of Raritan Bay.- The
discharge rate is Wvariable, W|th high
. flows during and after precipitation
events.  The permitted flow.is 160"
MGD; flows in excess of 200 MGD
have _frequently been reported.
Uﬁhty also  discharges

precipitation events.from a supplemental

outfall located in the Rarita_n'River.

In . 1989  the Utilities Author|ty
completed an effluent: plume study as a’

' condition ofi the’ NJPDES permit - issued

to the fac|l|ty The study consisted of a
‘dye study and computer modeling.
Based on that study, the effluent is
rapidly -diluted by 'a factor . of:

" “approximately 15 due to buoyant mixing

. . . . s
‘

record of the‘ _

themselves -

‘The level of treatment and the specific -

- wastewater facility affect the size of the
- Prohibited zone ' established' in

the " size is

The -
. during

30

r.

" conventional

: process at

‘adjusted based on factors_

at the outfall location.

’

‘are_ usually - not ‘ki_lled' by chlorination.
“Effluent _
toxicants, such as heavy metals or other -

may - also contain, various
contaminants.  While some of these
toxicants may’ be partially removed by
.treatment, other

contaminants remain in the effluent

 discharged to the receiving water.

7 The - likelihood
~ contamination,
.unaffected by chlorination. -

of viral

" The Prohibited area is also ;adjusted to

allow for dispersion’ of contaminated
water in the event that the disinfection
the facility —becomes
Thus. the area “could” be
such as
installation of alarm systems and/or
round-the-clock staffing at the facility.

inoperable.

that initial d|lut|on the plume moves to -

the southeast in the dominant ebb-tide

current-with minimal additional dilution -
due to dispersion. Since the primary ebb
current.then moves toward the northeast,
it appears that the effluent plume moves
primarily. in the vicinity of the major
shipping channel where the water is-

~deeper and the current is stronger. -

However, as can be seen from the
hydrographic information, the
~circulation/ in  Raritan Bay is not

straightforward and\_the concomitant
+ mixing and_dilution ofi the effluent is
‘accordingly complex

The study . completed by M|ddlesex

. County Utilities Authority extended only

for a short distance beyond the outfall.’

oA
\

* which s -

Subsequent to



-

Figure 14 shows the area of the study
and the best estimate of the Bureau of
- Marine Water Monitoring of the area

impacted by the Middlesex. County -

effluent plume under normal - operatrng
condrtrons '

3

—. -

It should be noted that Middlesex

"~ County uses ‘chlorination to disinfect.

Therefore, viral contamination would be

‘minimally ~affected by ‘treatment
processes.  In addition, the facility
discharges numerous heavy metals with
the potential to cause exceedances of the
' Surface Water Qualrty Standards

. Monmouth County Bavshore Outfall Authorrty

VDomestrc waste treated at the Bayshore
Utilities Authority..in Union Beach and
at the Middletown Sewerage Authority
in Belford is discharged to. the
_Monmouth -County Bayshore Outfall
Authority and then conveyed to a

The permitted outfall . is located
approximately 1 mile offshore The.
‘interceptor - owned by the Outfall

Authority was

constructed between.

 permitted outfall in the Atlantic Ocean.

1970-1973. - Significant rehabilitafion of -

the line was completed in 1999.

In the event of an unpermitted discharge
at either. Belmar or - Union Beach,
shellfish harvesting '
Raritan Bay. The extent of the affected
shellfish beds is shown in Figure '13.
“Some beds are closed if the discharge

' STORMWATER DISCHARGE -

Numerous storm water outfalls
been mapped in this area. Most of the
storm water discharges to creeks. Some
outfalls "discharge directly- into the
. Raritan . and = Sandy - Hook Bays.
" Although stormwater runoffi influences
- water quality in Raritan and Sandy Hook

is suspended in

have -

Bays, the estuaries (particularly Raritan -
Bay) are also influenced by numerous

other' waterways and discharges from
outside the growing area. Raritan Bay
- can also be influenced by Sandy Hook

‘Bay since the net ﬂow is outward 1nto

31

,occurs in the Union - Beach vrcrnrty, v
- others are closed if the discharge occurs
in the Belford vicinity. The extent of the
area affected -is dependent on the
following variables: L
.2 " The known variability of efﬂuent
-~ bacteriological quality (based on
effluent data submitted by the
facility as a part of Discharge
Monitoring Reports),
The yolume of effluent,
. ? . Prevailing wind direction -and
velocity during. the time of the
~ discharge, .
? The depth of the rece1v1ng water,
and -,
? " The tidal currents_.-

the Rarrtan Bay and Lower New York' :
Harbor . '

~ Street flooding in the communities of
Keansburg, Union Beach, Middletown
.-and Hazlet is alleviated by the Bayshore
Floodgate. This floodgate is located at
the junction of 'Thorns Creek and
Waackaack Creek. This flood control
. project consists of a 50 ton dam that can

.~ be closed to prevent high tides of the
‘Raritan Bay from flooding low-lying
© areas.

“Three to four miles of earthen



: ‘berrhs were cons_tru.cted-.'to, work in
‘conjunction with the floodgate. Four
~diesel pumps each capable. of 200

gallons per'minute can be used to lower .

water levels behind- the. dam.
communities mentioned above all divert
their stormwater discharges: into the two
creeks. The facility is operated by the

The -

‘New  Jersey - . Department

3
N

of
Environmental Protection. The facility

‘uses a septic system to .handle their-

wastewater. No problems are reported
with the operation of this septic system.’
Shellfish waters at the mouth of the
Waackaack Creek - are classified as
Prohibited waters.

While 'wat'e’r*quality appears lo be-impaired

@mpairment Havg‘beeﬁ identified.

.

following storm events, no specific sources of

Condirion of Rainfall, atter precipiialion events.

= ~ Storm Water Management - -

Stormwater is discharged- into streams and the Bay
at numerous points. : ’

’Ih'e:‘a(eaf‘i‘éigﬁlnlpled ,/u_'s‘_ii)‘g;thé adve[éé‘?‘é!lm'ion B

-1 NJOEP Bureau of Marine Water Monioring

7 \ . ‘

Legend L B
LN/ Streams
© « -Stormwater Outfalls
0 1 2 3

.. FiGURE 18: STORM WATER QUTFALL LOCATiONS -

)
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INPUT FROM SURFACE WATER DRAINAGE DT

e

- There are 11 creeks that are locéted

between Conaskonk Point-and Highlands
that discharge directly to the Special
Restricted waters of Raritan / Sandy
Hook Bay. - From west to east the creeks

‘are named as follows; Chingarora Creek
(ditched extension), Flat Creek (Union
Beach), East Creek, Thorns Creek,

Waackaack Creek, un-named- creek

(Keansburg), Pews Creek (Ideél Beach),
Compton Creek (Belford Harbor), Ware
Creek (Earle * Pier), Wagner Creek

* (Leonardo), Many Mind Creek (Atlantic
- Highlands). All of these streams can be -

considered as minor tributaries to the.
bay . waters.  Each of them receives
stormwater runoff from areas located to

* the north and south of Route 36. -

Freshwater lnputs'

In addition to the Raritan River, Shrewsbury Riyer,
and Navesink River, numerous small streams

The Bureau of -
Marine_ . Water

- Monitoring . samples

‘the bay waters 'near

“the mouths of several:
of these creeks. (The
‘sampling - stations
were added in 1999.):

" There is insufficient
data for evaluation at
this fime.’ .

FIGURE 19: S
FREShWATER INPUTS TO -
RARITAN/ SANDY HOOK
BAYS

provide freshwater input irito Raritan and Sandy o . 0
Hook Bays. Titese streams are tidat adjacent to o

the Bay and free-flowing In upland areas.

'
Logend

_ Snream E o
0. 1 2 3 & Mikes .

—_— A

HIDEP Burean.of Markie Wier Monitoring
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I NDIRECT DISCHAR GES
3 {
There are ‘numerous other ‘potential
sources of contamination, primarily from’
“various sites identified for remediation
“procedures. Most of these are gasoline
- service stations located at some distance
- from the Bay that have had leakage of

i v

- significantly

petroleum  products . into
surrounding storage tanks. -There is no
evidence that these products have
reached the bay ‘or that they have

impacted - shellfish
resources in the Bay.-

~ the . “soil

There are numerous other Indirect sources of
_potential contamlnation

Most of these are varlous clean-up pro}ects
{such as underground storage tanks at gasotine
service stations) in varying stages -

‘ dtﬁe'r:lnd ire¢t-3‘§d rces

S :

R

st A TR

of remediation. Most are located.at some / L
dlstance from the Bay. :

There are no data at this tinje- Indicatlng
‘that these sites slgnlﬂcanﬁy impact

egend

a  Known Contaminsled Siles CIQSS}
12 Toxic Refeasn invantory (1949)
f\ . Sirpams

=y

2 3 4 Miles

sheilfist fesources in‘the Bay. .

HJIDEP Burcau of M;rvint'Natl'r Moritoring

7

-/
R

FIGURE 20: INDIRECT DISCHARGES
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. MARINAS ™~

‘Marina facilities have the potenfial to
affect the suitability ofishellfish growing
areas for the harvest of: shellfish. - The

biological and - chemical. ‘contamination

associated with marina facilities may be

ofi public health significance. . New -

Jersey defines a marina as "any structure
(docks, piers, bulkheads, floating docks,
~ etc.) that supports five-or more boats,
built on or near the water, which is
utilized for _docking, storing, or

otherwise -mooring vessels and usually .
i . . N i
but not necessarily provides services to,

vessels such as repairing, fueling,

security ‘or other related activities" and

designates the confmeé _ofx the-marina as

Prohzbzted for the harvest ofi shellfish.
Adjacent waters are cla551ﬁed -using a
- dilution analysis formula

It is recogmzed by the NSSP Guzde for .
the Control of Molluscan Shellfish,
1997, that there are significant regional -
differences in all factors that affect
‘marina pollutant loading. The manual
therefore allows each state latitude in
. applying specified occupancy and
discharge rates. The NSSP guidelines.
assume the worst case scenario for each
factor. o ‘

2x109(FC/ person/a'ay)xZ(personlboat)x[( 25s11ps 2 247 (0.0657 sltps ? 24 )]x2

) BufferRaa’ms( Mm? \/
: !

328(ft/M)

140000(FC / M *)xdepth( fi)x0.3048(M / fi)x 2x2(tides/day)

) EQUATION 1 MARINA BUFFER EQUATION. (ADAPTED FROM FDA 1989)

Explanatlon of terms in equatlon
Fecal coliform per person per day
Number of people per boat: -

For slips ablé to accommodate boats > 24 feet (combination of factors ylelds mulnpher of O: 25)

Number of slips occupied:
' Number of boats occupied:
For boats < 24"
“ Angle of shoréline:
" Number of tides per day:
Depth in-meters: ™ )
Water quality to be achieved:
Convert meters to feet: T

v

Marina buffer zones may be calculated -

using’ the formula above, or: may be
determined - using a dilution analysis
-computer program’ developed by the

State ofi Virginia and the USFDA.. The

formula above considers only ‘dilution

and. .occupancy ratés. The computer

_program, which is used for complex
configurations where the, formula is
“unlikely to provide the needed accuracy,

also - considers tidal exchange and-

* bacterial die-off,

2x10%
3 o

50%
50% _
6.5% discharge waste
180°, which results in factor of 2
2 ) .
" depth in feet x conversion factor

140000 FC/meter *

3.28

hY

N

~ There are 28 marinas adjoining thé

- Raritan and Sandy Hook Bays, as shown

-~ in Table 6. The marinas are located on
the southern ‘shore ofi'the Bay. = The
waters enclosed by the marina are
_classified as. Prohzbzted depending on
the size ofi the marina and the water

‘quality, water- immediately adjacent to
each 'marina. ‘may bé classified as
Prohibited, ~ Special Restricted, or
Seasonally Approved (no harvest during
summer months ‘when the marina is

‘.35>'/ ) .\



)
active).  Marina buffer zones were ‘above. The size of each buffer zone is
calculated using the formula given shown in the table below. )

~at

\
.
( .
) .
R '
/ . v
N R
[}
.
' ¢ ~
"V‘ " ’ . . N
i \ : .
- . ’ -~
- : -
: } ) — )
' N §
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i ..
* Mannas

[j Marina Buffer

Classmcatien (2001)
[ ] Approved
Seasonal (Nov—Apr)
‘Seasonal, (Jan-Apr)
Speeial Restricted

7| Prohibited ‘

2 ' 4 Rles

facility on Sa ndy Hook.

There)are ZB'ma nas located adjacent to
Raritan:and Sandy Ho'ok Bays on’ he southern
shom of tha Bay: :

In-addition; the US' Navy operates.at facnhty in
Leonardo-and the US' Goest Guard. operates a




-

- TABLE 6: MARINAS LOCATED IN THE RARITAN / SANDY HOOK BAYS

- | NuMBER OF |

- SLIPS

"BUFFER

—

| Keyport Public Dock .

100 (est)

. ‘ZONE (ft)
1267

Captains Cove Marina

45

595

4 +| Braun’s Landing

14

344

| Lentz Marina

50 (est)

818

.Waacka_ack Marina

82

730

Abandoned, Waackaack Cr

0

0

Monmouth Cove Marina, (County)-

127

942

( Middletown Public Dock

100 (est)

‘1267

ol | a]o]|wn|afu]e

Belford Commercial Fishing Fleet

10 (est)

366

—
=5

Leonardo State Marina

179

1151 -

—
—

Wagners

50 (est)

896

—
N

| Sandy Hook Catamaran Club

50 (est)

457

—
w

Blackfoot

- 100 (est)

- 896

ot
N

L Skips Place

50 (est) |

896

e
T

Atlantic Highlands Bait & Tackle

16

236

N

‘| Atlantic Highlands Yacht Club’

50 (est)

896

—
~3

Atlantic Highlands Municipal Marina

518

2134

J—l‘v

| Sandy Hook Bay Marina

85

832

—
O

Captains Cove

25 (est)

634

[\
(=]

| Marina on the Bay

85

832

[ .
—

Clam Hut Restaurant

24

450

N
(3%

Highlands Condo.

18

250

[
w

Schute Sea Tow -

22

250

v}
N

Cottrell’s

50 (est)

818 -

)
w

Gateway Marina

154 -

1270 .

Schupp’s Landing

38

432

30

500

| Bahrs Landing/COZ Seas Marina

Moby’s

38"

20

300




. DREDGING PROJECTS

There are numerous dredgmg prOJects
-proposed by -the Corps of Engineers
(COE) in the Port Newark, Newark Bay,
Hackensack - River, - Raritan
: Chanhel, Arthur Kill, Kill Van Kull, and

- LANDFILLS
Two closed landfills are-. located alon-g
the shoreline -in Keyport and. Belford.

River

Both landfills extend to the shoreline of

the bays. - - Both landfills appear to
occupy areas
- wetlands and tidal marsh deposits.
elevation ~of  each landfill - is
approximately 10 feet above sea level.
“The landfill in Keyport operated under
the name of WDI . This was a private
* landfill that-was closed in 1979. The

The

OTHER POTENTIAL INPUTS .

‘A coal gasnﬁcatl'on plant was located -

~ along the banks of Many Mind Creek in

formerly covered by’

‘Port Jersey areas.
.~ proposed locating a dredge spoils site in
- New York State waters (adjacent to New

The Corps has
Jersey waters) at Flynn’s Knoll.
landfill- located in Belford, Middletown

Township was alsoa private landfill that
closed in-1977. Monmouth County

.~ currently owns it and intends to develop
. the property into a ferry site.

No
problems have been reported at either _
landfill that would impact marine v/ater

- quality (Chojnacki, 1998).- Groundwater

sampling from = the - landfills _is not

required because they closed prlor to .
1982. :

There are 'n.umerous identified ~sites.

* listed as “Known Contaminated Sites” or

~ Atlantic Highlands many years ago. The.

environmental impact (if any) of this
‘abandoned site on the marine waters of .

Sandy Hook Bay and shellfish resources
of, the -area is unknown. -It should be
" noted that the New Jersey Department of
Environmental Protection Site
- Remediation Program has not verified
that ‘any known or abandoned

- contaminated waste sites directly impact . '
shellfish

* the " marine waters or the
resources of the Bay. .

- - )

39.

-“Toxic

‘agricultural

.Release- Inventory Site‘s”’,
However, theré is no evidence to
indicate 'that any of these ‘sites adversely

~ impact the shellfish waters at this ‘time.

Likewise, .the identified discharges to
ground water are not located adjacent to
the Bay and there is no evidence that any

. of those permitted discharges adversely
" impact shellfish waters at this time, .

The area is not adversely impacted by
practices,  livestock _or
wildlife populations. o

i



. B . - ’ .\
SPILLS OR 0 THER UNPERMI TTED DISCHARGES ‘

There have bee{n _nb significant . the MCBOA plpelme was rehabilitated
unpermitted discharges in this area since - - in 1999 '

Splll and Closure Sltes for NJ from 1995 1999

- © Closures
’ o Spills’

/% Streams
o L ¥ . Land
e - Water

I

. FIGURE 23: SPILLS OR OTHER: UNPERMITTED DISCHARGES (STATEWIDE, 1995-1_999)
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- HYDROGRAPHY AND METEOROLOGY

CIRCULATION o ;,_

‘Hydrographic studnes have found that the

smixing of fresh water from Raritan River.

and saltwater from lower bay creates a large, -
slow moving counter-clockwise circulation -

pattern with much back-and-forth movement
~ within Raritan Bay. Fresh water.entering

US Department of Commerce (NOAA,
1956). - :

The pnmary flow pattern from the mouth of
the Raritan River toward the Atlantic Ocean

_is southeast toward Union Beach'and then to-

the: bay from the Raritan River has a net .

.- movement- toward the ocean of about 500
yards a day. Therefore, it takes 16 to 21 days
for ‘the bay to flush 1tself (Berinett, 1983).

Tidal action represents a major influence in
~ the distribution of pollutants in the eStuary,
with a mean tidal range of 1.5 meters (5
feet). Tidal current and flow velocity charts

the northeast along -the southern edge of
Staten Island. This flow pattern. roughly
follows the established Shippihg channel.

The prtmary ‘flow . pattern from the
Shrewsbury and Navesink Rivers is from the

- mouth of the Shrewsbury near Highlands in

, the

for .the New York Harbor -area, including .
Raritan and Sandy Hook Bays, are depicted -
in the following figures published by the-

N~

41

northwesterly direction somewhat
parallel to the southern edge of Sandy Hook
Bay and then along the western edge of
Sandy Hook :




100", . rea o'’

D. Three Hours after High Water

BT

C. Two Hours after High Water ~ R - -

15

N deden i
— N

" FIGURE 24: TIDAL CURRENTS DURING EBB TIDE

« . .
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. One Hour after Low Water

our§ after Low Water

\n\ 13t 2
) N\

\ .\ \ﬂ.:" W \-,

° [
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Transverse Mercator Projection
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PATTERNS OF PRECIPITATION °

_Precipitation patterns in-the coastal areas. . with thunderstorms. Winter. storms are
of New Jersey are typical of the Mid- frequently " associated with northeasters.
“Atlantic coastal region. -Typical summer: ' Hurricanes can. occur during the summer-
storms are localized storms associated " and early fall. :

Annual Average Number of Storms |60

Average Storm Event Duration ' 10 hours- - ‘ C

_Avei'age Storm Event Intensity - ~ 1008 - 009
. ) : inches/hour

I L ’ - | Average Storm Event Volume | 0.65 inches

TABLE 7: AVERAGE MID—ATLANTIC STORM EVENT lNFORMATION . SOURCES: USEPA; US ‘DEPARTMENT: OF

. COMMERCE . R . .

A - Although the a_verage storm event ‘lasts event to bé between two and three inches,
" approximately 10 . hours, with an -~ while the 2-year 24-hour réturn volume

g .- accumulation- ofi 0.65 inches, it is not varies between three and 4 inches. . Storm
unusual for an ‘individual storm voluihe to volumes greater than approximately 3.5 —

be 2 — 3 inches. Note the data below that - N 4.0l_inches are much less frequent.
- shows the 2-year return for a 6-hour storm -~ ¢ . ;

TABLE 8: STORM EVENT VOLUME FOR 2-YEAR STORM EVENT RECURRENCE (SOURCE USGS)

| _Edcationj | 2-Year,1Hour .| ' 2:Year,6Hour © |: 2:Year,24:Hour .
S T ST tainfall Rainfall. .= [ w0 Rainfall
CMilvite, | 133 | 0233 . - 3,02
CapeMay NV B o241 3.10.
- AtlanticGity | Py R 72 P ¥
- LongBranéh B . ' o ' . 415
o W Newark - | : . 34 328
~Sandy Hook .| : . a3 | 368
. .\, b . . ) R (
b ‘The duration and volume ofi storm events (shown below for 1981- 1997) provides
‘ can also be .depicted as - frequency - insight into the frequency for storm events
histograms.  This graphlcal deplctlon ofra given 51ze or duration. '

/




- FIGURE26: STORM EVENT FREQUENCY HISTOGRAM (198151997)‘ (éouucg’: NOAA CLIMATIC DATA)

C 'umu‘lat!ve Preclpltation Frequen’cy

- increases or

001-0.49 05-099 .  10-148 .15 I99 20- 248 25-299-  30-499 >50
* ) Prcclpllallon Range
A -\
. :
S , ‘ ; \
PRECIPITATION -,
Precipitation records for the - period average, one - variable

covered by this report are shown below..
There have been no significant changes

primary weather station is Sandy Hook.
The ‘secondary weather station is‘
Newark International Airport. . The

~ secondary station is used when data from -

the primary station is incomplete. Since
1995, the primary station has been

‘Newark. For the period ofitime covered-
by this report approximately 50% of the
from - Newark -

rainfall data _ was
International. Airport.

Nor-mally,' ‘the -Bureau determines if:
sampling stations show increasing MPN

“in hydrography since the last report. The

values with rainfall using an analysis ofi -

amounts) and assesses whether, on

correlation  coefficients. . Correlation
“analysis looks - at* paired observations .
(total coliform MPN and. rainfall

45

-when

decreases as the other variable increases.
. 3 J . .

Evaluation of rainfall data for the period
ofitime covered by this report does not
" show "an increase in MPN values with
increasing rainfall within 48 hours prior
to samplmg

~

However, '~since all sampl_es were -
obtained after rainfall, (i.e., there were
no dry weather samples), it is unlikely
that a’ significant correlation between
precipitation and coliform MPN value
would, be found.  Typically, such a
~correlation can be demonstrated only
‘samples are obtained under
varying . condltlons “including dry
weather, after storms ofi low intensity
and/or duration, and after storms of" hlgh
dntensnty arid/or duratlon



N
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TABLE 9: CLIMATOLOGICAL DATA © . < % !

—
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' SAMPLING STATIONS

‘A total ofi632 water samples (261 in the
‘summer and 371 in the winter) from 51
stations were analyzed. for total coliform
" (TC) and fecal coliform (FC) bacteria
during the period May 1, 1997 through
October 1, 2000.
selected to provide a minimum ofi 15
data points for a year-round -analysis.
. The United States * Environmental

~This period- was. .

‘WATER QUALITY STUDIES

' BACTERIOLOGICAL QUALITY *

.[

-

_COMPLIANCE WITH NSSP CRITERIA

Most sampllng statlons except for those :
located in the eastern portion of: Sandy

- Hook Bay exceed approved criteria.
There are several stations located to the

north and west ofi the area* currently

" classified as Special Restricted where.
‘insufficient data have been collected to
use for classification. .
‘from those stations are consistent with
the Special Restricted classification and
. generally exceed the Approved criteria.

However data”

All sampling stations comply with- the »

C NSSP Speczal Restrzcted criteria. -

A similar pattern can be seen for Wlnter
" data, although there are - numerous-
sampling stations with insufficient data

“to evaluate. for class1ﬁcatlon
_quality is generally best in the eastern

. portion ofi Sandy Hook Bay, adjacent to

Water

Sandy Hook. It should be noted that this . _\

area seems to be well ﬂnshed as the

. primary ebb flow pattern from the .

'
[

47

‘Based - on .

.seasonal, " a
* variability.. Note that stations located in

'\,

Protection Aéency (USEPA) and the

~ Interstate Sanitation Commission (ISC)

provided valuable assistance in sample. -
analysis and sample collection. The ISC .

- performed numerous sampling runs for
this report. Samples are collected under, .

the adverse

pollution - condition of
rainfall. ‘ '

1

Navesink and Shrewsbury Rlvers is
along the Western edge of: Sandy Hook..

_Based on these data it may be poss1ble :

in the future to upgrade an. areain the -
eastern portion ofi Sandy Hook Bay to
Seasonally Approved after additional

* data are collected during the Wlnter aﬁer' :
- rainfall. - —y

-0

these data, the primary-‘
source(s) ofi coliform contamination in
the Raritan and Sandy Hook Bays
appears to be located in the western arca

- ofi Raritan Bay. (See thé¢ figures below
. depicting

the data as interpolated
surfaces.) This pattern is ‘evident in the
concentration data, both year-round and
- well as in the data -

western Raritan Bay and some, portions
ofiFlynn’s Knoll had insufficient data to
evaluate for compliance. . Data from -

- Flynn’s Knoll and the area. immediately

‘



. to the west of Conaskonk Point were éla_SsiﬁcatiOn.‘- '
consistent with the . Special Restricted ) S S ,
Raritan / Sandy Hook Bays: Exceed Approved Criteria

N .

£

. . \ ’ ‘ =t ' : - ’ U v .t
‘Al stations.comply with Special Restricted criteria
S et :

= Gampling Ststions - Hxceed Approved
& Statiani sampled]
Shelifish @lazalficatlan. 2061

o (2] heproves
’ ’ -

. Dats Porigd 5111997 - 97000 Ysaeround

\ NJDEP'Bureau of Marine Water Monitoring

. 4
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o Rarltan Bay Total Collform Varlablllty
| (Yearround)

. Total Collform Varibility-- Yearround. R
: e 10.% "
- | Sandy Ho|okB»ay BRI  '< o ]
. meets the total A
coliform: cntena g B >40% o
usmg yearround data. -
{ N
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: — e Raritan / Sandy Hook“B‘a"yQ
: ‘Sampling Stations Exceedmg
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- Sandy Hook Bay {5 0’ ,
- meets the total - 7.150 4
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¢ | Rarltan Bay Total Cohform
| - (S‘u\m\rner) |

Sandy Hook Bayis [~ )
: _consistent withrthe = - ggdggm Summer .
- - | total coliform criteria gm0 g
| | during the summer. 151330 +
o There is msufﬂcnent s
summer data to fully o -
- . ’ R . . NJDEP Bureau of Marine Water MonHloring
| . | evaluate at this time.  |_“2erEe | 3

.

FIGURE 32: TOTAL COLIFORM LEVELS (SUMMER)
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TABLE 10 : WATE

R QUALITY SUMMARY (5/1/199"/_— 10/1/2000)

Station |

Yearround .

&\ggzr‘ . ,k'". .A\V »V
eometric |«

» Mean .

85.3

455.0

- 369.8°

<4437

269.0

2982

2312

173.6

109.3

2277

77.7

90.9

- 50.2

~

74.7

73.8

87.8

18.3

116.7

266.2

208.5

- 1952

S 103.2°

98.6

14.4

429

'56.0°

618

792 -

BEARN

AN RS IV BEVA IESTE ARSI I N IV RV VI I S IV O O N N N I N E Y KN S RV V. I SN N S I ST R IO N

5.0




—_

wwoooo‘ooooo\l\l\l-wwoow.;‘oo\l\noo

N N O N I R I I R Y N S N N

" TIDAL AND SEASONAL EFFECTS

3 .

There are no stations that show a -
‘significant tidal or seasonal effect.

P

‘In many cases,: coliform levels for

" samples collected ‘on the ebb tide are.
~ greater than levels for samples collected
on the flood tide. It should be noted that -
‘samples are collected on the ebb tlde to
- the extent possnble E

- N ' \K
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Differences between summer and winter -
“values were not statistically significant,
due in part to the. varlablllty ofi collform
levels '



" RAINFALL EFFECTS

Non-point source pressures on shellfish
beds in. New Jersey originate in materials

.that enter the water via stormwater..

These materials mclude bacteria, as well
as other waste that enters the stormwater
- collection system

Hlstorlcal data comparing the difference

between fecal coliform levels measured °
after rainfall ‘with those during dry
periods- were compared to generate the.

map below. - The Bureau of ‘Marine
Water Monitoring has begun to identify
particular storm water outfalls that
discharge excessive bacteriological loads
during storm events. In some ‘casés,

specific . discharge points can be -
When specific outfalls are.
identified as significant sources, the-
Department works with the county and

identified.

- municipality . to_ further - define the
source(s) ofi the contamination and
implement rémediation activities. (

It should be noted that a particular short-
~ term data’ set may not indicate significant

rainfall effects even ifithe historical data

(indicate that a significant effect occrs in -

. a particular area. This is due to one or
more of the following factors:

’

Data during the short term may consist -
ofi primarily rainfall data or dry weather

data. In. this case, if there are . -

insufficient data points in each category,

- the test for s1gmﬁcance cannot be do_ne -

" Data collected after rainfall in the

normal sampling regime may miss the

: effects of the “first ﬂush’

_Rainfall data is based on the closest

~ established  NOAA - station. - Since
- rainfall patterns: along the coastline, -
.partlcularly during the summer months,

tend to include locally heavy rainfall, the

: ramfall amounts recorded at the NOAA
station may not accurately reflect, the -

rainfall at the sampling station(s).

" Based on this data set, there are several
- stations that show a" statistically
_significant: correlation ofi coliform level

with " rainfall. Since = samples are
collected in-this area only after rainfall,

it is unlikely that a statistical relationship

would be shown from' this data set.

“However, there are several stations that
‘tend to show a rainfall impact, with -

increasing levels ofi coliform  bacteria

'aﬁer rainfall, as shown below. )

v
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RELATED STUDIES

n. 1986, the»rNational Oceanic and
Atmospheric Administration (NOAA)

. National - Status and Trends Program -

initiated the Mussel
NOAA . has

Watch Project.:

waters of the- United States.

annually collected and

analyzed mussels -and oysters from 276"
sites around the coastal and™ estuarine

Of these,

125 ‘sites (46%) _are within 20 km of

urban areas. It should.be noted that both,

the blue ‘mussel- and - the oyster
accumulate most toxicants at a- higher
rate than either hard or soft clams, so
that tissue’ concentrations in-
species” would ordinarily be higher than
concentratlons in clam tlssue sampled in
the same area.

‘One of these sites is located in this area

those -

approximately two miles northwest of .

Sandy Hook in ~ Prohibited = waters.

Another site is located approximately

three miles north of Conaskonk Point in
New York State waters.

At the site located northwest of Sandy

Hook, the blue mussel, Mytilus. edulis,

59

‘Sandy

“'sample analysis.
. the blue mu'ssel tends to accumulate

1

NOAA MUSSEL WATCH PROGRAM

- was ldentiﬁed as haviné ‘relatively high’. =
- concentrations
" nickel,

of copper, mercury, .
lead, chlordane, dieldrin, DDT,
PCB’s, and PAH’s' (NOAA, 1998). The
relatlvely high®  concentration * . was

- defined as the high end of the overall'
- distribution  of
- mollusks at the 36 most urban sites (over

concentrations  in_

800,000 people) being monitored. The

- chemical analysis was based on dry

weight concentrations.
The relatlvely hlgh’ desngnatlon by the
Mussel Watch ~Project does not

necessarily mean that FDA Standards =

have been exceeded based on wet weight
concentrations. An evaluation of the

‘data by the Bureau of Marine Water

Momtormg found that only the levels of
lead in the blue mussel at the site near
Hook exceeded the. FDA’s
recommended criteria’ based on wet -
It should be noted that’

toxicants such as metals at hlgher rates

B than clams

/




There are 15 statious sampled
under the NOAA Mussel Watct
-program’in water s adjacent ta the
-state of New Jersey, ‘

Aldiough detectable levels of
séveral'toxic parameters liave
“been measured atone or more-
locations, dnly-the level of lead
‘has been nicasured in: New Jersey
watefs at lévels above the FDA
“criferia. ’

s

Elevaled 'ievels :6"' mercury
have been found in puris
of the New \’ork Harbor.

T o of Mwrte:
Watrr Méiktoring . hinnd

FIGURE 35: "SAMPLING SITES WHERE NOAA MUSSEL WATCH DATA HAS BEEN COLLECTED

Toxics MONITORING PROGRAM

Previous Toxics MoniForiﬁg bv NJDEP

In 1984, the New Jersey Department of

Environmental Protection, Bureau of
~Marine - Water Monitoring, - identified

elevated levels of lead and chromium in .

the soft clam;. Mya arenaria, in the
vicinity - of “the ~Atlantic © Highlands
Municipal Marina (Feerst, 1984). This
area’ has- been excluded as a shellfish
harvesting ared. Data collected by the
DEP in 1999-2000 indicate that these
levels .are not currently high enough to
.cause human - toxicity.
_discussion below.)

B

(See the .

Monitoring  of . toxic ~ pollutants " in
shellfish tissue was also performed in the

“nearby waters of the Navesink River and
-the
~ measurements
- selected sites 'in  October 11995, May
_199§, and August 1996. This work was
“sponsored by

These
at . four

. Shrewsbury
were :

River.
made

the . New Jersey‘
Department of Environmental Protection
and was performed by Rutgers

University as part of a study of the

\



N \strmgent

impacts of docks and' piers. on heaVy :

metals concentratlons in shellﬁsh t|ssue

. Tissue Data Collected bv NJDEP in 1999-2000

‘Between October 199_9 and “August
2000, The NJDEP collected a series of:

hard clam tissue samples that . were
analyzed for a suite of: parameters".

These mcluded PCBs, PAH, and seven.
heavy metals (mercury, lead, copper,
- chromium,  arsenic,  nickel, and
cadmlum).- Funding for analysis was
provided by the USEPA. Samples were
analyzed by Battelle Laboratories.
" It should be noted that the varlablllty
inherent in tissue analyses is higher than
would be anticipated in a water matrix.
All results are significantly lower than
the applicable FDA criteria (in the case

ofi mercury) or level of concern (for
.+ other parameters).

.Most results aré at
least a-factor ofi 10 and in many cases a

factor of: 100 less than the appllcable

“standard.
Most results are l|kew1se below the more

updated in 2000 (based on updated IRIS
" values and consumption studies). These
values are used as an indication ofiareas
where more data are needed to make a

determination regarding human and/or -
Many. of: the. . -

ecosystem health ‘issues.
-arsenic values are -close to or greater

=

USEPA  Screening Values

than the USEPA Screening Value for . -

- arsenic (maximum value measured was
1.8 7g As/g; screening value is 1.2 ?g

As/g) Likewise, several values are close |

to or above the screening value for total
PCBs (maximum value measured was 41
- ?2g/kg; screening value is 20 ?g/kg)
When * these . screening = values- are

- species in the same waters.

" -chain.-

‘on the food chain.

not readlly avallable within the tissue

- and is therefore of:limited risk.

Chromium levels were elevated in- the
vicinity ofi the Atlantic Highlands
Marina.  This area was previously
identified as havmg elevated levels of
chromium and the area was placed in a

Prohibited status for harvesting shellfish.
- While the levels are no longer above the

FDA Level ofi Concern, they are still
elevated., :
There is only one’ PAH benzo(a)pyrene

for which the USEPA -has developed a
‘screening value.
- high carcinogenic capacity.
~ values were  well below the screening

This compound has
While all

value, - it should -be noted that the

" compound was detected in measurable

quantities in all saniples. Toxic

Equivalents (TEQs) were determnined for
. PAH's based on benzo(a)pyrene (G. . -
" Buchanan and G. Post —
“communication). The average TEQ for-

personal

PAHs-in these shellfish samples is 1.05
r?g/kg which is well below the EPA"

“screening value of.5.47 7 g/kg

Contammants, such as PCBs,
accumulate in fatty tissue and increase in -
concentration as you-move up the food -
“Shellfish are typically lower in
lipids as compared to fish, and are low
For these reasons,.
PCB+ levels ~ in shéllfish will be
substantially lower compared to :fish
Levels of:

. PCBs in shellfish were much lower as.

exceeded, it is recommended that firther .

analyses -should be conducted. In
addition, the samples were atalyzed for-

total arsenic,
arsenic.’

rather than inorganic
-The organic form ofiarsenic is

~

61

compared -to PCB levels in fish tissue

from this region. Levels of mercury in

“shellfish were also substantially lower

L when compared to levels in fish species. -




UStafion |

~ Stations in Raritan / Sa

RB032 | 3 | 0498 | 1.137 | 1.931 | | | 0400 |-
RB56: 1.0.345 {0,933 .| 2.191 0.355
RB108 | 1.224 | 1.869 | 1.002 | - 0:297 |
RBI11.| 4 | 0338 | 0.897 :| 2.280 0371
| rB112. 0.414 | 0.957. | 2.000 0.298
I rB116| 4 | 0421 | 1.102 | 1.873 | . 0.357
(USEPAfisswe | | | |
screeminglevel | o0 | ot | Not | | Not
(USEPA, 2000) |available|available|available . : available| -
USFDA tissue | - . | | | |
ooostandard T f e
- (ISSC, 2003) : 80 |available

TABLE 11: RESULTS OF METALS TISSUE ANALYSES (MEAN VALUE, RESULTS IN 7'G/G WET WEIGHT) ]

Bl

‘
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— T T T T
station’ |~ 'N. | PCB | PAH |Benzo(a)pyrene

, Statibns in Raritan./ Sandy Hook Bays -
RB0O32 | 3 1958 | 3920 | 08
2256 .| 3151 | 0.70

CRBS6 | 4

" RB108.:| " 4 1835 .| 27.09° | . 0.83

CRBILL | 4 | 2567 | 2956 | 061
5
4

" RBI112 1963 | 2996 | 062
" RB116 - 16.84 | 30.60 075

USEPA tissue screening level .| Not s
~ (USEPA2000) - . 20 -available |~ 5.46

SR . ; Not S
USF DA tissue standard| 2000 | available | Not available

-t . . ) N .
TABLE 12: RESULTS OF PCB AND PAH TISSUE ANALYSIS (MEAN VALUE, RESULTS IN ?G/KG WET
WEIGHT) . : ‘ o ' : -

64
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. NOEP - Bursau ot Marine VWater- Monnonr-g
U‘_EPA Funded Sam pl -] Ana!ys i ’

Toxics Monitoring 1999 - 2000

FIGURE 47: TOTAL PCB MEAN VALUES (RESULTS IN ? G/KG WET WElGnT)

These data mdlcate that:
9 All sampling stations comply
-~ with the currerit FDA criteria.
?  Most stations exceed the USEPA
screening value for arsenic.

/

)

\

BATHING BEACH-DATA

1997

.On June 4, 1997, two beached were
closed in Leonardo and Keansburg due
“to high bacteria levels. 'On August-7,
1997, beaches  in Middletown were
closed as a precautionary ‘measure
durmg an algal bloom.

]

-

76

. E l/" _
On- July 22-23,
Leonardo and Mlddletown were closed’

Further study Should attempt to ldentlfy
the llkely sources.

1998, beaches in

as a precautlonary measure after an

_unpermitted dlScharge of 7. 9 MG from

MCBOA



1999

On Jr_le 8-12, 1999, beaches in Leonardo

were closed due to high bacterial levels: ‘-

\.

* ESTUARINE MONITORING PROGRAM

The Department routinely collects four

samples per year at a subset of the NSSP
sampling locations to be evaluated for a
~suite . of organic and inorganic

‘parameters  related  to . primary
,productivity and nutrient dynamics.
the 250 stations routinely sampled for
 this expanded suite of parameters, 15 are

of

located in Rarrtan Bay or Sandy Hook'

- Bay.

77 -

' 2000 -

On July 5 6 and July 12 13 2000
beaches in Highlands were closed due to

* high bacterial levels. (Loftin, 2001). -

Co‘n‘centratiohs' of ‘phosphorus  and
mtrogen tend to be higher in this ‘area
than in most other parts.of the State,

~ suggesting higher levels of primary
-productivity. Higher levels of nutrients

also correlate with elevated levels of

- chlorophyll -a in the samples. In addition,

there - are frequent sampling’ dates,
especially- during warm weather; wheén

~"dissolved oxygen levels are depressed.
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INTERPE TATION AND DISCUSSION OF DATA

I3

'BACTERIOLOGICAL

‘Bacteriological water quality in this area -

is impacted by rainfall, presumably as
~_nonpoint  source

- stormwater runoff:
water quality is

It appears  that

- significantly affected by-one or more

contributions.  to

sources located in the western: section of ‘

Raritan Bay. This impact does not

- preclude upgrading.a small area west of )

‘ Conaskonk Pomt at’ thrs t1me

Water quality in the Flynn s Knoll area
. has improved so that the area should be
-upgraded to Special Restricted status.

However, ifi and when the Army Corps .

s

'NUTRIENTS -

The Bureau of Marine Water Monitoring
“‘publishes an annual summary of data
collected “in "the estuarine monitoring

program, as well as an in- depth analysis

every 3-4 years.

These - reports are’ -

available fordownload in PDF format oh :

the Bureau s website at:

wmae,stale. nj. us’depwatershedmgt/bnny.

~
NI

TOXICS
The tissue monitoriﬁg indicates that
there - are) potentially several sources of

toxicant inputs to this area.

1. In the Raritan, ‘it appears that there

are one or more sources of toxicants

/in the Keyport / Union Beacharea.

Approved status.

-oXxygen ' are. more pronounced

2. The

C e

" of Engineers begins to use the area in
" New York State waters as a dredge spoil

site for spoils from the Newark / New
- York harbor area, the harvest in the area

should be suspended as a precautronary

measure.

Water quahty in the Sandy Hook Bay

_area ‘has continued to improve. Data
“collected in this area in the winter after
rainfall is consistent with Seasonally
However, there is not
yet enough seasonal data to determine if

" the area should be upgraded.

!

In" general, ambrent concentrations in
this area tend to be relatively -high in

- both nitrogen’ and. phosphorus, compared:
"to- other estuarine waterbodies. In

addition, diurnal swings in dissolved
than
elsewhere.  There are also frequent:
phytoplankton blooms. '

levels. of chromium in the
Atlantic Highlands Marina area are
no longer a specific threat to human

‘health. However,. the area should
‘remain- in " Prohibited “status  until
f_such time- as .the levels have

decreased to be srmrlar to those



PR

found throughout the remarnder of selevated levels of "some toxicants,

the Bays _ most notably PCBs, particularly at '
' o N the tip of Sandy Hook and to the eéast
3. It appears that the greater New York of Sandy Hook. - '

© Harbor may also be a- source of

CconcLusioNs- ¢

N BACTERIOLOGICAL EVALUATION

The data supports the current 1mmed1ately to the west of Conaskonk
classification.  In addition, the area ( - Point should. be upgraded ‘to Special
known as Flynn’s Knoll and a small area Restrzcted status .

- RECOMMENDA TIONS

BACTERIOLOGICAL EVALUATION |

‘ RECOMMENDED CLASSIFICA TION CHANGES ,,

The area to the north and west of Sandy L 'Prohzbzted status at this time. - A small

Hook, known as Flynn’s Knoll should area  immediately to the west of |
be upgraded to Special Restricted status. - Conaskonk Point (and north of Keyport):
~This .upgrade will open an additional ~ should be upgraded to Special Restricted
4750 acres to harvest under the Special status.  This .upgrade will .open an
~: Permits program ' - - additional 964 acres to harvest under the

: ' T Specral Permits program
- The area in the western part of Raritan :

. Bay (west of Keyport) should remain .in

b
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: . A
The proposed changes-in classification
Include: Upgradés from Prohibited
to Special Restricted

964 acres west of Conaskonk Polnt

4750 acres In Flynns Knoll,

{northwest of Sandy Hook):

B .

FIGURE 51: RECLASSIFICATION (FLYNN'S KNOLL)
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- LEGAL DESCRIPTION FOR RECOMMENDED CHANGES -
The tollowing changes are recommended. These changes will upgrade 5714 acres from
Prohibited status to Speczal Restricted status. |

7 12 2. 1 Shellﬁsh grownng water classrficatlon—Prohlblted '

3 Monmouth Mlddlesex County area (Note that’ P portion is also des1gnated as a
Specral Restrlcted area. See N. J A.C. 7:12-3): »

i All those waters of Rarltan Bay, Raritan.River and Arthur Kill (and trlbutarles) '
lying south and west of the New Jersey/New York boundary and lylng west of a line
beginning at the water tower in Keyport located at latitude 40°26°31.16” N and longitude
74° i1’ 25.18” W and continuing in a northwesterly direction at a bearing of 345 deprees -
- T toward the tower loeated west. of Princes Bay, Staten Island. New York, at latitude 40°%
© 30’ 27.82” N and longitude 74° 12> 47.94” W [on the northernmost point of land on

" Conaskonk Point, Union Beach, New Jersey and bearing approximately 345 degrees T to
the southernmost point of.land on Sequine Point, _near Prlnces Bay, Staten Island, New .
. York ,] where this line termlnates !

LV
N

il — iv. No Change N

v..All those waters of Raritan Bay and Lower Bay enclosed by the. New Jersey/New -
* York boundary and a stralght line beginning on the southwestemmost point of land
on Rockaway Point, Long Island, New York and bearing approximately 222 degrees
T to the northernmost point of land on- Sandy Hook, New Jersey and then in a-
northwesterly direction for approximately 2.2 nautical miles bearing_approximately
331 degrees toward R “10” 18 Fl R4s Bell, (located in New York State waters) until it
intersects New York State waters at approxrmately latitude 40 degrees 30.59 minutes
- N and longitude 74 degrees 2.51 minutes W [following the shoreline of Sandy Hook
~ “west and south to a point.on the shoreline where this line intersects a line beginning at
the navigation aid at Sandy Hook-Point designated as Equal Interval 6 second and -
Vertical Beam light 38ft 15M Bell' (E. Int 6 sec and VB 38ft 15M Bell) and then '
following . this- line bearing approximately 278 degrees T to the channel marker
designated as GR "TC" Interrupted Quick Green Light (GR "TC" FI(2+1)(G6s))
located at the intersection of Raritan Bay East Reach, Sandy Hook Channel, and
Terminal Channel, and then following the southwestemmost boundary of the Raritan
Bay East Reach Channel in a northwesterly direction until it intersects the New
Jersey/New York boundary] where this line terminates. (Note: ThlS closure adjoins
those Prohibited waters deﬁned in (a)201 below);and . : s

7: 12 3.1 Use of shellfish grown in waters classnfied as Specral Restrlcted for hunian
consumption SN : -
}
Shellfish grown in waters classlﬁed as Special Restrlcted may be utilized for human
~consumption only pursuant to. a special ‘permit issued by Department under N.J.A.C.
7:12-9. b : :
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7T 12-3 2 Shellﬂsh growing waters that are classrﬂed as Specral Restrrcted

(a) The followmg shellﬁsh growmg waters are classified as Specral Restrlcted

1. All those- waters contained within a lme begmnmg on the northernmost point of

Conaskonk Point near Union Beach, New Jersey and bearing approximately 261 degrees - |

T toward the northemmost point of Cliffwood Beach, New Jersev, located at latitude 40°:
27> 12.39 N and longitude 74° 13> 27.98” W to a point located at latitude 40° 27° 24.78”
N and longitude 74° 11° 43.86” W _at the intersection of a line beginning at the water

“tower in Keyport located at latitude 40° 26° 31.16” N and longitude 74° 11° 25.18” W and

extending at a bearing_of approximately 345 degrees T toward a.tower located near
Princes Bay, Staten Island, New York, at latitude 40° 30’ 27.82” N and longitude 74° 12

'47.94” W; then continuing northwesterly along_that line at a bearing_of approximately

345 degrees T to the intersection with New York State waters at latitude 400 30’ 27.82”
N and longitude 740 12> 13.79” W [345 degrees T to Séquine Point at Princes Bay,
Staten Island New York, until it intersects the New York-New Jersey boundary] then
along that boundary in an easterly direction until it intersects the Chapel Hill South -

- Channel at approxrmately latitude 40 degrees 30.59 minutes N and longitude 74 degrees -
©2.51 minutes W (just south of R “10” 18 FI R4s Bell, located in New -York State waters),

thence in a southeasterly direction at a bearing of 151 T to the northernmost tip_of Sandy
Hook, approximately latitude 40 degrees 28.68 minutes N and longitude 74 degrees 1.05
minutes W [Raritan Bay East Reach Channel, then along the southwest boundary of that
channel in-a southeasterly direction (approximate bearing 106 degrees T) to the channel
marker designated as GR "TC" Interrupted Quick Flashing Green light (GR "TC" 1 QK FI
G) located at the intersection of Raritan Bay East Reach, Sandy Hook Channel and

"Terminal Channel, and. then bearing approximately 098 degrees T to the navigation aid -
designated as "Equal Interval 6 second and vertical Beam light 38ft 15M Bell” (E. Int. 6

sec and VB 38ft 15M Bell) located on the shore at Sandy Hook Point], then proceedmg in

-a generally southerly direction followmg the western shoreline of Sandy Hook to the .

-

westernmost extent of the Rt. 36 highway bridge spanning the Shrewsbury River and then
following the northern edge of that bridge to where ‘it intersects the shoreline on the
mainland.-and then following the shoreline in-a generally northwesterly direction until it
intersects a line bearing approximately 201 -degrees T. from the navigational marker
designated as Flashing light 4 second 29ft 8M (FI 4 sec 29ft 8M) marking the

~ easternmost extent of the Atlantic Highlands Mumcrpal Yacht Basin's breakwater (this

stonepile forms the basin's northern boundary), and then along that line in a northerly

d{rrectron to the marker designated as a Flashing light 4 second 29ft 8M iand following the
northern side of the breakwater in a westerly direction until it reaches the structure

- forming the western boundary ‘of the Yacht Basin, and then following the western edge of - |

this structure in a southerly direction to the mainland, thert following the shoreline in a
generally northwesterly direction to ‘the northernmost point of land on Point Comfort
(Keansburg), then bearing approxiinately 272 degrees T to the northernmost point of land

on Conaskonk Point (Union Beach), its’ pomt of origin.



RECOMMENDED CHANGES INM ONI TORING SCHEDULE

Additional samples sh_quld be collected
after rainfall ih the winter in the Sandy
Hook Bay area. . It vmay .be possible to
~upgrade this -area

" Seasonally

Approved after suffi cient data have been i

collected.

Samples collected in the area west of

Keyport- should be analyzed with -an '
" extra dilution.-
" results were greater than the maximum

Numerous samplmg

quantifiable using the threc-tube dllutlon

: '> procedure.

(.

RECOMMENDATIONS FOR FURTHER STUDY‘ |

1. The tissue toxics monitoring
. program ‘should be continued. The

- differing _signatures of- PAHs ahd
PCBs might be helpful in identifying

sources of contamination in this area. .

- 2. The estuarine mbnitoring program
“for nutrients and related parameters
should be contmued

84, <

AN

3 _The sources ~of bacteriological
" contamination in the western portion

* of Raritan Bay should be identified -
and- eliminated or reduced. Since
this area has not been. harvested for
‘many years, it is. likely that .a
“significant resource exists in this
area. In addition, there is significant

- interest on the part of the Baymen to -
restore this area for active harvest.

\
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Shellf ish Growmg Water — T otal Coltform Data Ltstmg

. New Jersey Department of Environmental Protection
Bureau of Marine Water Monitoring .

Reporit Area: NEA1

Thursday, July 22, 2004

-NSSP.Monitoring
_ Station:10
TC-2-3T Surface
" Restricted
Geo Meait: 67.2
Est 90th: 2669.5
_#Samples: 7
00% > 3300 .
Date:  Results:
1/20/1999 1,600.0 .
1/26/1999 1,600.0 ,
- 3/2/1999 40 .
3/30/1999 4.0
6/22/1999 30 K
©3/29/2000 1100 -
.7/27/2000 460.0 -
Station:18 !
TC-2-3T ‘Surface -
Prohibited ’
Geo Mean: 348.9
Est 90th: 33107 .
- # Samples: 7
00% > 3300
" Date:  Results:
-1/20/1999  1,600.0 .
1/26/1999  1,600.0
- 3/2/1999 . 280.0
3/30/1999 17.0
6/22/1999 430.0
3/29/2000 1,600.0
712712000 75.0

Station:20

7/27/2000

TC-2-3T Surface -
Prohibited
Geo Megn: . 354.8
Est 90tli: 2466.3 .
" #Samples: . - 7
00%- - > 3300
Date:  Results:
" 1/2011999  1,600.0
1/26/1999  1,600.0
3/2/1999 300.0
3/30/1999 30.0
- 6/22/1999 93.0
3/29/2000 300.0
7/27/2000 1,100.0
Station:20A
TC-2-3T Surface
Prohibited o
Geo Mean: 4327
Est 90th: 4228.0 -
. #S‘amples: . 7
00% - > . 3300
Daté:  Results:
“1/20/1999 1,600.0 L
1/26/1999  1,600.0
3/211999  300.0
3/30/1999 140
6/22/1999 150.0 .
3/29/2000 1,600.0

1,100.0

Station:21

TC-233T Surface
Prohibited
Geo Mean:. 280.3
Est 90tlt: 2293.6
# Samples: 7
00%. > 3300
Date:  Results:
_ 1/201999  1,600.0
. 1/26/1999 1,600.0
3/211999 . '500.0-
3/30/1999 22.0
6/22/1999  210.0
3/29/2000 50.0°
7/27/12000  460.0
Station:23 -
TC-2-3T * . Surface,
Prohibited’ ‘ :
Geo Mean: 2786 .
Est 90th: 2163.9
#Samp_les: o 7
00% > 3300
Date:  Results:
1/20/1999  1,600.0
1/26/1999  900.0
©3/2/1999 1300
313011999 14.0
6/22/1999  230.0
3/29/2000 ©  900:0
7/27/2000  240.0 .

86

’

TC-2-3T ' Surface .TC-2-3T Surface
_ Restricted " Restricted . -
" Geo Mean: 133.8 - Geo Mean: 86 2
Est 90th: 1784.3 Est 90th: 2047.2
# Samples: 16 # Samples: 16 -
- 00% > 3300 63% > 3300
 Date: " Results: ‘Date:  Results:
5/8/1997 - 800 5/8/1997  23.0
8/26/1997 . 15.0 8/26/1997 3.0 K
2/19/1998  1,600.0 2/19/1998  900.0
2/26/1998 21.0 2/26/1998 . 13.0
311011998 - 460.0 3/10/1998 -4,600.0
3/16/1998 8.0 . 3/16/1998 13.0
3/23/1998  130.0 3/23/1998 700
4/3/1998 1,600.0 L . 4/3/1998 16000 L |
.6/24/1998 3.0°K  6/24/1998 30K
" 1/20/1999  1,600.0 1/2011999 1,600.0
1/26/1999  1,600.0 1/26/1999  1,600.0 L
3/2/1999  "170.0 3121989 7.0
3/30/1999 30.0 3/30/1999 11.0 .
6/22/1999  390.0 6/22/1999.  43.0
.'3/29/2000  300.0 3/29/2000  280.0
- 7/127/2000 - 75.0. 7/27/2000 2400
. v i :
) \
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_ Report Area: .NE1 '

 Station:29A

‘Station:28 .

TC-2-3T : Surface
3 Restricted R
* Geo Mean: 719

" Est 90th: . 1749.9

# Samples: 15
00% > 3300
Date:  Results:
51811997 40
2/19/1998 500.0
2/26/1998 . 9.0
3/10/1998 750.0
3/16/1998 - 8.0

3/23/1998- 50.0 .
4/3/1998 1,600.0 L.
6/24/1998 93.0

1/20/1999 " 1,6000 L -

1/26/1999 - 1,600.0

- 31211999 8.0 .
3/30/1999 - 2.0
6/22/1999 . 3.0 K .
3/29/2000-  300.0
71272000 2400

TC-2-3T ¢

‘Restricted
Geo Mean: 1086 .
Est 90th: . 16054
# Samples: 16
00% > 3300

"Date:  Results:
5/8/1997  22.0

'8/26/1997 30K
2/19/1998 " 500.0

. 2126/1998 300.0

- 3/10/1998  1,500.0,

3/16/1998 30.0

. 3/23/1998 - 130.0
4/3/1998  1,600.0 L
6/24/1998 -~ 240.0
1/20/1999  500.0
1/26/1999  1,600.0
3/2/1999 11.0 o

-3/30/1999 230
6/22/1999 30K -
3/29/2000  300.0

7/27/2000 93.0 .
Thursday, July 22, 2004

Surface '

P

Station:33A

TC-23T : Surface
Restricted - .
Geo Mean: . 296
Esl 90th: 5961
# Samples: - 7
0.0% > 3300
Date:  Results:
1/19/1999 21.0 .
5/25/1999 36
6115/1999 . 3.0 K
7/20/1999 . 3.6
3/1/2000 2400
3/23/2000 93.0.
6/8/2000 1,100.0
Stalldn:?;s ]
TC-2-3T . Surface
~ Restiicted o
Geo Mean: 38.6
Est 90th: 72?1.6
# Sém))les: ' 15

00% . > 3300

Date: . Results:
. 5/8/1997 80.0
. 8/26/1997 73
2119/1998  900.0
2/26/1998 13.0
'3/16/1998  170.0
3/23/1998 . 300.0
4/3/1998  500.0
6/24/1998 . 3.0~
1/19/1999 73 .
5/25/1999 3.0 K
6/15/1999 - 30 K
7/20/1999 3.6
3/1/2000 93.0 -
3/23/2000  .23.0

- 6/8/2000, 2,4000 L

Station:38 ‘
TC-2-3T . ¢ Surface
Restricted
GeoMean: . 254
Est 90th: 577.2
#Samples:: - - 15
00% > . 3300
Date:  Results:
581997 - 17.0
8/26/1997 30K
P 2/19/1998 900.0

2/26/1998°  17.0
3/16/1998°  30.0

3/23/1998 ' 220.0

- 4/3/1998 1,600.0

6/24/1998 .~ 30 K
1191999 ¢ T30 .
" 5/25/1999 9:1
¢ 615/1999 30K

7/20/1999 30K

.31/2000 230

-"3/23/2000 3.6
6/8/2000 2,400.0 L
6/8/2000 2.400.0 L

B Station: 43

_ TC2-3T i Surface
Restricted

GeoMean: . 29.4 )

© Est90th: - 4548
# Samples: 15
00% > 3300
Date:  Results:

. 5/8/1997 110
8/26/1997 3.0 K
211911998  500.0 .

' 2/26/1998 - . 17.0°
"3/16/1998 11.0
3/23/1998 50.0

4/3/1998 1,600.0
6/24/1998 - 9.1
1/19/1999 93.0
5/25/1999 36 -
6/15/1999 . 30 K~
7/20/1999 30 K

311/2000 930
3/23/2000.  15.0
6/8/2000

87

“Station:47
TC-2-3T :
Restricted

- Geo Mean:
.Est 90th:

- # Samples:”

0.0% >
Date:
5/8/1997

8/26/1997

£2/19/1998

2/26/1998
3/10/1998
3/16/1998
4/3/1998
6/24/1998

Station:49A
TC-2-3T :
Restljicted

Geo Méan:
Est 90th:
Est 90th:

) #Sarhples: .
00% > l

. Daie: .

5/8/1997

' 8/26/1997

2/19/1998 -
2/26/1998

3/10/1998
3/16/1998

3/23/1998
4/3/11998

© 6/24/1998
1/19/1999
5/25/1999

| 6/15/1999
712011999
3/1/2000
3/23/2000
6/8/2000

BN Slation:5 ]
Surface - TC-2-3T & Surface .
Restricted .
57.0 - Geo Mean: 315
487.7 Est 90th: 628.1
8 - #Samples: 6
3300 0.0% > - 3300
Results: Date:  Results:
13000 - 1/19/1999 73
91 5/251999 - 7:2
130.0 712011999 9.1
50.0 . 3/1/2000 93.0
" 15.0 3/23/2000 9.1
. 140 6/8/2000 2,400.0 L
1,600.0 _
43.0 Station:50
: TC-2-3T ( : Surface
_Restricted )
S‘urfac'e » Geo Mean: 63.4
' “Est 90th: i
- Esi 90th: 1051.1
446 . # Samples: © 16
584.6 0.0% - > 3300
584.6 00% > " 3300
©00% > 3300
16 .. . P ) )
3300 ’ Date: Results:
. 5/8/1997 80.0
Results: . 8/26/1997 3.0 K
70.0- 2/19/1998 5000
30 K 2/26/1998 7.0
220.0 ~3/10/1998  1,100.0
17.0 - 3/16/1998 - 340
2,400.0 3/23/1998° 80.0
500 - 41311998 1,600.0 L
30.0 ' 6/24/1998 2400
1,600.0 1/20/1999 '1,600.0
230 1/26/1999  300.0
210 - 31211999 8.0
1200 3/30/1999 17.0
3.0 K 6/22/1999 . 30K
3.0 K '3/29/2000 50.0, .
750 7/27/2000 7.3
9.1 :
150.0
, ' Page2of6.



Report Area: NE1

Station:56
TC-2-3T
Restricted

Geo Mean:

Est 90th:”
# Samples:

0.0% >
Results:

-Date:
5/8/1997
8/26/1997
2/19/1998
2/26/1998
3/10/1998

3/16/1998 .
3/23/1998 -

4/3/1998
6/24/1998
1/20/1999
1/26/1999
3/2/1999
3/30/1999
6/22/1999
3/29/2000
7/27/2000-

Station:58
TC-2-3T
. Prohibited

Geo Mean:

Est 90t{t:
. # Samples:

0.0% > 3300

Date:
1/20/1999
1/26/1999

3/2/1999
3/30/1999
6/22/1999
3/29/2000

712712000

Surfa_ce

206.3

1761.8
16
3300

50.0
93.0

1,600.0 L

80.0
1,100.0
13.0
130.0

1,600.0 L
460.0
1,600.0

© 500.0

- 240.0
13.0
23.0

500.0
460.0

) Surface

119.1 .

. 1648.7
7

Results:

1,600.0
500.0
280.0

220
36
80.0.
2400

- - Station:61A

Thursday, July 22, 2004

TC-2-3T - Surface-
Prohibited - .
Geo Mean: 90.1°
Est 90th: 17806 . -
# Samples: 15
0.0% > 3300,
"Date: Results:
5/8/1997 110.0
8/26/1997 9.1
2/19/1998  240.0
2/26/1998 50.0.
3/16/1998 4.0
3/23/1998 . 70.0
- 4/3/1998 1,600.0 L
6/24/1998. - . 36 -
1/20/1999 1,600.0
1/26/1999 1,600.0
3/2/1999 . 500.0
'3/30/1999 13.0
6/22/1999 “ 3.0 K
3/29/2000 900.0
7/27/2000 240.0
/. Sldtioh:62 , »
TC-2-3T. . Surface:
Restricted ‘.
. Geo.Mean: 56.3
Est 90th: 11185
- # Samples: 16
00% > 3300
Date: . Results:
. 5/811997-  170.0
© < 8261997 1 91
2/19/1998.  500.0
2/26/1998  50.0 -
3/10/1998 1,100.0
3/16/1998 40 -
3/23/1998 30.0
- 4/3/1998 1,600.0 L
6/24/1998 36 -
1/20/1999 1,600.0.
1/26/1999  350.0 -
o 3/2/1999 14.0
3/30/1999 20 i
6/22/1999 . - 3.0 K
3/29/2000 170.0.
7/27/2000

43.0

Slation:63B

TC-2-3T
Restricted
Geo Mean: 47.0
Est 90th: 9125
#Samples: = 16
0.0% > 3300
Date:  Results:
5/8/1997 80.0
8/26/1997 3.6
2/19/1998- 900.0
2/26/1998: 30.0
3/10/1998 460.0
3/16/1998 8.0
" 3/23/1998 ~ -170.0
4/3/1998 1,600.0 L
6/24/1998
1/20/1999 1,600.0 .
~1/26/1999 220.0
- 3/211999 . 9.0 .
. 3/30/11999 |, 2.0
6/22/1999 ~ 3.6
"3/29/2000 - 50.0
7/27/2000 21 9
Station:7
TC-2-3T Surface
Restricted . o
Geo Mean: 18.9
Est 90th: 396.8
# Samples: A
. 3300

0.0% >

Date: Results:

-1/19/1999 3.0
5/25/1999 3.0
6/15/1999 36’
‘7/20/1999 11.0

‘3/1/2000 23.0
3/23/2000 -43.0

6/8/2000  2,400.0 L

88

Surface -

30K .

v

’

Station:73

TC-2-3T

Restricted’

" 'Geo Mean:

Est 90th:
# Samples:

00% - >

Date:
5/8/1997

8/26/1997 .

"2/19/1998
2/26/1998

- 3/16/1998
3/23/1998.
4/3/1998
6/24/1998
1/19/1999
5/25/1999
'6/15/1999
7/20/1999
3/1/2000
_3/23/2000

~ 6/8/2000

- Station: 78
TC-2-3T .

Restricted -
- Geo Mean:

Est 90th:

- #Samples;
0.0% - >
Date:
5/8/1997

8/26/1997

. -2/19/1998
2/26/1998 -

3/16/1998
3/23/1998
" 41311998
6/24/1998
1/19/1999
_ 5/25/1999
6/15/1999
7/20/1999
3/1/2000
3/23/2000
6/8/2000

Starion:86A .

Surface - TC-2-3T
Restricted
255 . Geo Mean:
. 356.3 Est 90ih:
- 15 # Samples:
3300 0.0% >
Results: “Date:
11.0 5/8/1997 -
3.0-K 8/26/1997
© 2400 2/19/1998
8.0 2126/1998
110 - 3/10/1998
80.0 3/16/1998
500.0 3/23/1998
36 4/3/1998
16.0 6/24/1998
43.0 1/20/1999
30K 1/26/1999-
30 K 3/2/1999
93.0 + 3/30/1999
9.1 . 6/22/1999
24000 L 3/29/2000 -
’ 7/27/2000
: .Surface * Station:88A
o TC-2-3T -
26.9 . Restricted
503.2 Geo Mean:
15 " Est 90th:
3300 # Samples:

. 0.0% >
Results: ) :
30.0 ~Date:

30 K 5/8/1997 .
900.0 8/26/1997
11.0 *2/19/1998
30.0 2/26/1998
- 110.0 -3/10/1998
500.0 3/16/1998
91 - 3/23/1998
.36 . - 4/3/1998
. 36 .6/24/1998
30K 1/20/1999 -
. 30K 1/26/1999
460.0 3/30/1999
. 36 6/22/1999
1,100.0 3/29/2000
a . 712712000

- Page 3of 6
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Surface

445
7897
16

' 3300

" Results:

14.0
, 941
300.0
130
460.0
20
110.0
1,600.0 L
43.0
1,600.0
£ 240.0 "
4.0
4.0
36
130
240.0

Surface

347
7495

15

\

3300

Results:
17.0
3.0

" 2400

30.0
1,100.0 .
30.0
50.0
1,600.0 L
30 K
1,600.0
80.0
2.0
30K
20
28.0



- ,

Report Area: "NE1
Station:906A

TC-2-3T ¢ 'Surface
Restricted
Geo Mean: 116
‘- Est 90th: 90.4
# Samples: 14
"0.0% > 3300
Date:  Results:
5/8/1997 '22.0
8/26/1997 43.0
'2/1_9/1998 2.0 K
3/16/1998 2.9 K,
3/23/1998 30.0
4/3/1998 11.0
. 6/24/1998 23.0
1/19/19_99 3.0
o "5/25/1999 460.0
6/15/1999 ) 3.6
7/20/1999 3.6
. 31/2000 73
3/23/2000 30 K
6/8/2000 ° 75.0
V Station:906B
TC-2-3T . Surface
" Restricted
Geo Mean: 7.3
Est 90th: 417
#Sa}npl_es: 15
3300,

.00% >

" Date: - Result&:

5/8/1997 50.0
8/26/1997 30 K
2/19/1998 20 K
2/26/1998 170 -
3/16/1998 ' 2.0 K’
3/23/1998 90
4/3/1998 - 70
6/24/1998 - 23.0
1/19/1999 30K
5/25/1999  240.0 -
6/15/1999 30K
7/2011999 - 30 K

3/1/2000 . 36
3/23/2000 9.1
6/8/2000 - 3.0 K

Thursday, July 22, 2004 '

Station:906C v

6/8/2000

Station: 908

TC-2-3T ¢ Surface TC-2-3T . Surface
-Restricted” Restricted
Geo Mean: 56 v Geo Mean: " 12.4
Est 90th: ~\17.6 Est 90th: . 684
" # Samples: 15 # Samples: © 13
0.0% > 3300 0.0% > 3300
Date:  Results: Date:  Results:
5/8/1997 13.0 5/8/1997 11.0
8/26/1997 ~ 36 . 2/19/1998 20 K
2/19/1998 . 20 K . 3/16/1998 - 2.0
2/26/1998 3000 . 3/23/1998 - 13.0
3/16/1998 .20 K 4/3/1998 1700 -
3/23/1998 23.0 ' 6/24/1998 23.0
4/3/1998 -13.0 1/19/1999 7.3
6/24/1998 8 5/25/1999 . 93.0
1/19/1999 i 3.0 K 6/15/]999 30K
5/25/1999 30K 7/20/1999 . 23.0
:TAl 5/1999 - . 30 K 3/1/2000 23.0
7/20/1999 3.6 3/23/2000 9.1
3/1/2000° -11.0 6/8/2000 7.2
3/23/2000 . 36, _ o
6/8/2000 3.0 Station:908C -
\ TC-2-3T . Surface
_ Station:907 - i Restricted
TC-2-3T  : 'Surface - Geo Mean: 80
Restricted
) Est 90th: 41.0
Geo Mean: - 105 .
. Ce # Samples: " 15
Est 90th.: - 493" o .
o 00% > . 3300
# Samples: A4 . o .
0.0% > 3300 Date:  Results:
 5/8/1997 30.0
Date:  Results: . 8/26/1997 3.6
5/8/1997 40 2/19/1998 2.0
8/2_6/1997 7.3 2/26/1998 9.0
2/19/1998 20 K. 3/16/1998 2.0 K
3/16/1998 . 9.0 3/23/1998 17.0
3/23/1998. . 4.0 4/3/1998 170.0
4/3/1998 $ 340 6/24/1998 3.6
6/24/1998 43.0 1/19/1999 9.1
1/19/1999 3.0 5/25/1999 36
5/25/1999 93.0 6/15/1999 . - 36 -
6/15/1999 73 , 7/20/1999 30K
7/20/1999 29.0 . © 3/1/2000 43.0
. 3/1/2000 - 3.6 3/23/2000 36 .
3/23/2000 7.3 © 6/8/2000 150 |
43.0 .

-

89

Station:910

s

Station:91 OE

TC-23T : Suface - TC-2-3T . : Surface
Prohibited " Restricted )
Geo Mean: 15.5 Geo Mean; 11.0
Esi 90th: - 2185 Est 90th: 83.0 .
# Samples: 5 # Samples: - 15
- 0.0% > 3300 . 00% . > 3300
Date:  Results: - Date: = Results:
\2/19/1998 20°K 5/8/1997 13.0
.3/16/1998 20 K- . 8/26/1997 30K
3/23/1998 22,0 2/19/1998 17.0

4/3/1998  240.0 2/26/1998 500

6/24/1998 = - 43.0 [,.316/1998 - 20

: . ‘ 3/23/1998  13.0
Station:910A i " 4/3/1998 - 500.0 °
TC-2-3T ' Surface 6/24/1998 - 23.0

Restricted : 1/19/1999 23.0
Geo Mean: 18.2 5/25/1999 30 K

Est 90th: 149.3 '6/15/1999 3.0
) . 7/20/1999 30 K

# Samples: . 8 3/1/2000 750

: ) 3/1/2000 75.0
00% > 3300 ~3/23/2000 3.0 K
6/8/2000 ~ 30 K

.Date:  Results: .

5/8/1997 4.0 Stdtion:911
1119/1999 15.0 TC-2-3T ¢ Surface
5/25/1999 240.0° Restricted
6/15/1999 230 Geo Mean: 9.0 .
6/15/1999 23.0 - Geo Mean: 9.0
7/20/1999 " 3.0 Geo Mean: 9.0

3/1/2000 93.0 Est 90th: 30.7
. 311/2000 . 93.0 - Est 90th: 30.7

.. 3/23/2000 30 K # Samples: [

6/8/2000 430 00% > 3300

‘Date:  Results:
1/19/1999 73 -
5/25(1999.  20.0
6/15/1999 9.1
7/20/1999 3.0
. 3/1/2000 43.0
.3/23/2000 9.1
. 6/8/2000 © 3.0 K
Page 40f 6



Report Area: NE1 =

Station:911A 7 ‘

TC-2-3T Surface
- Restricted

GeoMean: =~ 112
Est 90th: - 80.8
# Samples: 7

"0.0% >, 3300
Date:  Results:
1/19/1999 - 7.3

_ 5/25/1999 210
6/15/1999° 36 -
7/20/1999 150
3/1/2000,  240.0
3/23/2000 3.0 K
6/8/2000 - 36 )

- Station:912° .
>TC‘-_2—3T © t, Surface

Restricted L

" Geo Mean: 12.3
Est 90th: 105.8
#Samp/es: 13
0.0% > 3300

. Date:  Results:
5/8/1997 -~ 27.0
2/19/1998 20 K
3/16/1998 20
~3/23/1998 9.0 -
. 16 3762
4/311998 2400
6/24/1998 36
1/19/1999 240.0 -

- 5251999 39.0
6/15/1999 3.6
7/20/1999 - 36
" 3/1/2000 43.0

-+ 3/23/2000 - 36

6/8/2000 9.1

(S

Tharsday, July 22, 2004

Sration:914 .

TC-2-3T . . Surface
Restricted -
Geo Mean:. - 129
Est 90th: 1249
#.Samples: 13
0.0% ' > 3300

Date: - Results:
5/8/1997 8.0
2/19/1998 4.0
3/16/1998 4.0
3/23/1998 20 .
4/3/1998 500.0
6/24/1998 7.3

11911999 ™ 240.0

5/25/1999 * 9.1
6/15/1999 73
71201999 . 30 K
3/1/2000 93.0 .
3/23/2000 3.0 K

23.0

'6/8/2000-

" Station:914D

- TC-2-3T

- Restricted.
.Geo Mean:

Est 90th:

" #Samples:

0.0%

Date:
5/8/1997
8/26/1997

2/19/1998
2/26/1998
3/16/1998

3/23/1998 -
4/3/1998

6/24/1998
5/25/1999
6/15/1999
7/20/1999

3/1/2000
3/23/2000

6/8/2000

¢ Surface. -

'14,7L

1289 .
14

> 3300

Results:

23.0
30 K

80.0
110,
2.0
140
280.0
30 K
30K
73
. 36
193.0
91"
12400

 Starton:916A°

TC-2-3T-~ Surface
Restricted - :

" Geo Mean: 276
Est 90th: 3011
# Samples: 16

0.0% > 3300

Date:  Results:
-5/8/1997 220
8/26/1997 ., .30 K
2/19/1998 50.0
'2/26/1998 170.0
3/10/1998 150.0
3/16/1998 20
3/23/1998 - - 50.0
4/3/1998 130.0
6/24/1998 7.3
1/19/1999  460.0
5/25/1999 9.1
6/1 5/1999\ . 36
7/20/1999 - 30 K
3/1/2000 930 .
3/23/2000~ 7.3

6/8/2000 - 460.0

) .Stalion.‘g 16C -

TC-2-3T - Surface
Restricted
GéoMe'an_: 142
Est 90th: ©158.3 »
Est 90th: - 158.3
#Samples: . 15
00% > 3300
Date: . Results:
5/811997  30.0-
8/26/1997 3.0 K
211911998 2.0
2/26/1998. . 220.0
3/10/1998 390.0
3/16/1998 2.0
3/23/1998.  34.0
4/3/1998 500.0
*6/24/1998 11.0
. 1/19/1999 .. 941
- 5/25/1999 6.2
6/15/1999 36
7/2011999° 3.0 K
- 3/1/2000 15.0
3/23/2000 3.6 :
./ !

90

Sration:916D

Station:93A

}

TC-2-3T Surface TC-2-3T Surface -
. Restricted " . .°  Restricted ’
~ GeoMean: 206 Geo Mean: 211
- Est 90th: 1440 Est 90th: 2185

# Samples: © 16 # Samples: 15
0.0% > 3300 0.0% _ > 3300
Date:  Results: Date:  Results:
5/811997 170 5/8/1997 170
8/26/1997 3.0 K 8/26/1997 30 K
2/19/1998 23.0 2/19/1998 130.0
2/26/1998 . 80.0 2/26/1998 30.0
3/10/1998 23.0 3/16/1998 30.0
3/16/1998 30.0 3/23/1998 2400 .
3/23/1998 1100 4/3/1998 500.0 )
4/3/1998 170.0 - 6/24/1998 386
6/24/1998 43.0° 119/1999 23.0
1/19/1999 73 5/25/1999 3.0
5/25/1999 11.0 6/15/1999 - 36 |
6/15/1999 "3.0 K . 7/20/1999 - 3.6
"7/2011999 - 36 . 31/2000 - 430
3/1/2000 . 140 3/23/2000 30 K
3/23/2000 36 6/8/2000 240.0
’ 6/8/2000 460.0 )

. oo . Stalion:S7TA
Station:918 . TC-2-3T Surface
TC-2-3T Surface: -’ -Restricted .
Restricted Geo Mean: 432

_ S Geo Mean: - 43.2
Geo Mean: . 220 Est 90th: -~ °3762
Est 90th: 2753. Est 90tlt;  # Samples:
Est 90th: 2753 - # Samples: .16
# Samples: 15 0.0% > -3300
~0.0% > 3300 , '
- Date:  Results:

Date: " Results: 5/8/1997  130.0

D 5/8/1997 . 30.0 - . 8/26/1997 "~ 3.6
8/26/1997 3.0 K 2/19/1998  240.0
2/19/1998 300.0 2/26/1998 . 130.0
2/26/1998 22.0 3/10/1998 . 28.0
-3/16/1998 130 3/16/1998 4.0,
3/23/1998 27.0 3/23/1998 80.0
4/3/1998 500.0 4/3/1998 900.0
-6/24/1998 C 36~ 6/24/1998 ©15.0 .
1191999, 30 K - 1/19/1999 15.0
-5/25/1999 150 5/25/1999 43.0
6/15/1999 - 30 K 6/15/1999- 23.0
7/20/1999 30 K 7/20/1999 . 3.0°K

3/1/2000 93.0, - " -3/1/2000 93.0 -
- 3/23/2000 .91 - 3/23/2000 43.0

6/8/2000 1,100.0 6/8/2000 ~ 460.0

; ' Page 5of 6



Report A rea;° NE1

" Station:978
TC-2-3T ¢
‘Restricted -

- Geo Mean: -

Est 90th:
# Samples:

00% >

Date:
5/8/1997
8/26/1997
2/19/1998
2/26/1998
3/10/1998
3/16/1998
3/23/1998
4/3/1998
* 6/24/1998
1/19/1999
5/25/1999
6/15/1999
7/20/1999.
3/1/2000
3/23/2000
. 6/8/2000
Stalion:98
TC-2-3T
Restricted
Geo Mean:
Est 90th:
# Samples:
0.0% - >
Date:
1/19/1999
5/25/1999
6/15/1999
7/20/1999 .
3/1/2000
' 3/23/2000
6/8/2000

Thursday, July 22, 2004

Su'rface

244

2679

16

3300 .

Results:
50.0
3.0 K

460.0
o
Surface

25.2
a417.7
7

" 3300

Results:

28.0
. 290.0
T30 K
30 K -
460.0
3.0 K
64.0

Station:98A o
TC-2-3T- . : Surface

Restricted . .
Geo Mean: . 18.2
Est 90th: 2254 -
# Samples: - - 7

00% > 3300 -

© Date: ~Results:
1/19/1999 110"
5/25/1999 93.0

6/15/1999 ~3.0 K
. 712001999 - 3.0 K.

3/1/2000 43.0

3/23/2000 36

6/8/2000  460.0

AN
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